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RELATION OF THE COMPOSITION TO THE PROPERTIES OF CLAYS* 


By E. 


ABSTRACT 


Most clays are composed essentially of minute particles of one or more of the clay 
minerals of which the kaolinite, montmorillonite, and illite groups are most important. 
The clay minerals occur in flake-shaped particles, possess base-exchange capacity, and 
exist in or are reducible to extremely small grain sizes on working with water. Different 
clay minerals possess these properties in varying degrees. 

The clay mineral component is the chief factor determining the properties of a clay. 
In general, plasticity and bond strength caused by the clay minerals decrease in the 
following order: montmorillonite, illite, and kaolinite. In many clays, the plasticity 
and bond strength mainly result from the presence of the montmorillonite minerals or 
some members of the illite group, although these constituents may compose only minor 
amounts of the clay. The influence of the clay minerals on other properties is con- 
sidered. 

The green properties of clays are also related to the character of the exchangeable 
bases carried by the clay minerals. The fundamental reasons for the differences in 
properties resulting from different mineral constituents and various exchangeable bases 
are considered. The properties of clays are related further to the effective size-grade 
distribution developed in actual use which frequently differs from the size-grade obtained 


by mechanical analyses. 


|. Introduction 


The concept that most clays are essentially aggre- 
gates of very minute particles of one or more of a few 
minerals, known as the clay minerals, has been well 
established in recent years. Because the clay miner- 
als are crystalline, it follows that clays are composed 
of material which is crystalline rather than amorphous. 
In addition to the clay minerals, some clays also con- 
tain, usually in minor amounts, such constituents as 
quartz, limonite (ferric-iron hydroxide), and organic 
material. The so-called colloid content of a clay is the 
percentage of these constituents, particularly the clay 
minerals, which it contains in particles smaller than a 
certain size. 

Researches in a few laboratories have lately yielded 
much information on the structure and certain proper- 
ties of the clay minerals. It is proposed here to con- 
sider this information and to attempt to derive there- 
from a picture of the make-up of clays which will pro- 
vide a satisfactory understanding of such properties as 
plasticity, green strength, and shrinkage. It is pro- 
posed also to analyze the influence of specific clay 
minerals and specific exchangeable bases on certain 
properties of clay. Other factors, not considered herein 
because they are of minor importance for most clays, 
also exert an influence on the properties of clay. 


ll. Clay Minerals 


Mineralogical analyses of a large number of clays 
have shown that there are three important groups of 
clay minerals. Clays, therefore, generally are composed 
of a member or members of the three groups. 


* Presented at the Fortieth Annual Meeting, American 
Ceramie Society, New Orleans, La., March 29, 1938 (Gen- 
on “Constitution of Clay’). Received August 

' Published with the permission of the Chief, Illinois State 
Geological Survey. 
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(1) Kaolinite 

The chief member of this group is the mineral, kaolin- 
ite, with the composition (OH)sALSiOw. Dickite and 
nacrite with similar compositions but different crystallo- 
graphic forms are rare in sediments. Another member, 
anauxite, which differs from kaolinite by having a 
higher silicon and a lower aluminum content, is not a 
common mineral. 


(2) Montmorillonite 

This group takes its name from the mineral, mont- 
morillonite, with the composition (OH),AL,SisOx -x H,O. 
Although not normally written in the formula, mont- 
morillonite usually contains magnesium. Beidellite, 
reported to have a lower silicon and higher aluminum 
content, and nontronite, in which the aluminum has 
been replaced by ferric iron, are usually placed in 
this group. Recent work has suggested that saponite 
can be classed as a montmorillonite in which the alumi- 
num has been replaced completely by magnesium. 


(3) lite 

This group includes the abundant and widely dis- 
tributed clay minerals which are similar but not identi- 
cal with muscovite. So-called “hydromica”’ and “‘seri- 
cite-like” material belong in this group. The general 
formula of members of the group may be written 
(OH).K, (Al, - (Sis—y-Al,)Ow. When y 
equals 2 and magnesium and iron are not present, this is 
the formula for muscovite. In all illites which have been 
studied, only a small amount of iron replaces the alumi- 
num, and y is considerably less than 2, varying from 
about 1 to 1.5. After future work has indicated the 
range of variation of composition within the illite 
group, it may be desirable to give specific names to 
members. 

Other clay minerals, such as halloysite, are known, 
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but they will not be considered in the present paper be- 
cause, in general, they are not important constituents of 


° 
9.6 -21.4At 


4 3i 
60 


60 
4 Si 


40+ 2(O0H) 
4Al 


40 + 2(OH) 


4 Si 
60 


MONTMORILLONITE (OH), Al, Si,0,, -xH,0 
Fic. 1.—Schematic presentation of crystal structure of 


montmorillonite (modified after Hofmann, et al., Z. Krist., 
86 [5-6] 340-48 (1933)). 


lll. Properties of Clay Minerals 
Only those properties of clay minerals that affect the 
physical properties of clays will be considered in the 
following discussion. 


(1) Lattice Structure 

The general structural features of the clay minerals 
have been well established by work in several labora- 
tories following generalizations made by Pauling! in 
1930. Two units are involved in these structures. 
One is the alumina or aluminum hydroxide unit which 
consists of two sheets of closely packed oxygens or hy- 
droxyls between which aluminum atoms are embedded 
in such a position that they are equidistant from six 
oxygens or hydroxyls. Actually only two-thirds of the 
possible aluminum positions are occupied in this unit, 
which is the gibbsite structure. The mineral, brucite, 
possesses a similar structure except that all possible 
aluminum positions are occupied by magnesium. 
The second unit consists of a sheet of tetrahedral silica 
(SiO,) groups linked to form a hexagonal network of the 
composition SiO when repeated indefinitely. This 
unit may be viewed as a sheet of loosely packed oxygen 
atoms with each oxygen linked to two silicon atoms 
directly beneath. The silicon atoms are in tetrahedral 
positions, three valencies being satisfied by linkage to 
three oxygens in the overlying sheet. The fourth sili- 
con valency is satisfied below by an O atom such that 
silicon valency is analogous to the common (OH) group 
of gibbsite. 


1 See reference 103 in Bibliography, p. 151. 
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Montmorillonite consists of structural units of one 
gibbsite sheet between two sheets of tetrahedral silica 
groups (Fig. 1) stacked one above another in the direc- 
tion of the c-axis. The structural units are loosely held 
together with water present between them. The ¢ 
dimension varies with the H,O content, and the mineral 
is said to have an expanding lattice. Analytical data 
suggest that the Al*+** of the gibbsite layer may be 
replaced by Fe*+** or Mg**, in the former case yield- 
ing nontronite. The beidellite member of the mont- 
morillonite group, reported to have a lower silica-to- 
alumina molecular ratio, might suggest the possibility 
of a small amount of replacement of Si**+*+* by Al**+* 
in the silica tetrahedral sheets. The implications of 
the unbalanced character of the lattice resulting from 
some of these replacements will be discussed presently. 
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Fic, 2.—Schematic presentation of crystal structure of 
illite. 


The structure of illite (Fig. 2) is similar to that of 
montmorillonite. It also consists of units of one gibb- 
site sheet between two sheets of tetrahedral silica 
groups. In the illite structure, however, considerable 
Al*+** replaces Sit***, and the excess charge is bal- 
anced chiefly by K*. The same situation prevails 
in muscovite in which one fourth of the Si+*+** is re- 
placed by Al*+**, with K* balancing the excess charge. 
In illite, there is less than one fourth of the Sit*** 
replaced by Al**+*+. The ¢ dimension of the illite 
unit cell does not change with varying water content. 
Illites, which have been studied to date, indicate that 
some magnesium and iron may replace aluminum in the 
gibbsite layer. Both illite and montmorillonite may 
carry some Mg** in the possible Al+** positions not 
occupied in gibbsite, i.c., in brucite positions. Ca** 


probably does not replace Al+*+* because the atom is 
too large to fit. 

The kaolinite structure (Fig. 3) is composed of units 
of one gibbsite sheet with a single sheet of tetrahedral 
silica groups. The lattice structure does not expand 
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with varying water content, and no replacements by 
iron or magnesium of the aluminum in the gibbsite 
layer have been proved. To account for variations in 
the silica-to-alumina ratio of members of this group of 
clay minerals, it was first suggested that Al**+* could 
be replaced by Si****. A recent, more favored ex- 
planation is that some of the Al*** positions are va- 
cant with correlary charges of O and OH to balance 
the charges in the lattice. 


(2) Particle Shape 

Montmorillonite, illite, and kaolinite have pro- 
nounced basal cleavage, which takes place with relative 
ease between the structural units composing them, inas- 
much as the forces binding the units together in_ the 
direction of the c-axis are relatively weak. Fragments 
of these minerals are therefore flake-shaped, and clays 
may be looked upon as aggregates of flake-shaped par- 
ticles. Breakage along the cleavage surface takes place 
more readily in the montmorillonite minerals than in 
the kaolinite minerals. The former minerals exist in, 
or can easily be broken down by working with water to, 
a smaller particle size than the latter. Analyses of 
numerous samples of illite indicate that this property 
is variable for members of this clay-mineral group. 
Some illites exist in, or can be broken down easily by 
working with water to, a minute particle size, whereas 
others exist in larger particles and are not reduced in 
size readily by similar working. Structural reasons 
for the ease of breakdown of different clay minerals 
will be considered presently. 


do bow 
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Fic. 3.—Schematic presentation of crystal structure of 
kaolinite (modified after Hofmann, et al., Z. Krist., 86 
[5-6] 340-48 (1933)). 


(3) Base Exchange 


Clay minerals possess the property of base exchange,* 
1.¢., they may contain certain bases, which under 


* Base exchange can be illustrated by the zeolite or per- 
mutite water softeners which make use of this phenome- 
non. Water is hard when it contains calcium com- 
pounds. As hard water passes through the softener, the 
calcium of the water is exchanged for sodium which the 
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proper conditions are exchangeable for other bases. 
Different clay minerals have different exchange ca- 
pacities as shown in Table I. 


TaB_e I 
Bask-EXCHANGE CAPACITY 
(me. / 100 g.) 
Montmorillonite 60-100 
Illite 20- 40 
Kaolinite 3- 15 


Recent work indicates that there is an increase in ex- 
change capacity with decreasing particle size. The 
ease with which a given ion can be replaced by an- 
other is associated with the hydration of the ion and its 
valence. The lower the hydration and the greater the 
valence, the more difficult the replacement. The 
following order of exchangeability has been given for 
the common ions, Na > K > NH, > Mg >Ca. The 
exchange characteristics of the hydrogen ion are 
anomalous. The extent to which the exchange reac- 
tion proceeds depends also upon the concentration of 
the solution and perhaps on other factors. 


IV. Relation of Structure to Base Exchange and 
Particle Size 

Montmorillonite with the ideal composition (OH),- 
ALSisOw-xH,O is made up of units in which all the 
charges are balanced. There are no excess charges on 
the lattice to hold exchangeable bases or to hold the 
units together. Montmorillonite, however, has high 
base-exchange capacity, higher than can be accounted 
for entirely by broken bonds at the edge of fragments. 
Analyses of montmorillonites usually show some diver- 
gence from the ideal composition, particularly by their 
content of magnesium, indicating replacements within 
the lattice, and to such replacements may be assigned 
the cause of some of the exchange capacity and other 
properties. 

The magnesium contained by montmorillonite prob- 
ably, at least in part, exists as replacements by Mg** of 
Al*** positions in the gibbsite layer, thereby providing 
an excess charge on the lattice. The origin of this ex- 
cess charge is in the center of a unit about 9A thick. 
At the surface of the units, such charges can be as- 
sumed to have the strength necessary to hold exchange- 
able bases but not the strength necessary to hold the 
units themselves together tightly. Water may enter 
between the units, causing the lattice structure to ex- 
pand. It may be considered that the hydration of 
the exchangeable cation pushes the units apart. 
Hence, assuming such replacements of the Al*** gibb- 
site positions, montmorillonite is built up of units 
loosely held together, and, as a consequence, it can 
expand and readily cleave into extremely thin flakes 
upon agitation in water, giving a huge surface area to a 
mass of the mineral. On this assumption, the flakes 


zeolite contains, t.e., sodium goes from the zeolite to the 
water in exchange for lime which goes from the water to 
the zeolite, thereby softening the water. When the soft- 
ener is no longer effective, sodium salt is run through it 
reversing the process and rendering it effective again. 
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would carry a charge on their surfaces adequate to hold 
exchangeable bases. The high exchange capacity and 
ability to break down into extremely minute flakes, 
which are characteristics of montmorillonite, may be 
accounted for in this way. Replacement of slightly 
less than 20% of the Al**+* gibbsite positions with 
Mg** would provide a base-exchange capacity of 
about 100 milliequivalents per 100 grams. 

Another type of replacement may occur in the mont- 
morillonite structure, that is, Sit*+*+* by Al*+** in the 
silica tetrahedral sheets. This replacement provides 
an excess charge originating near the surface of the 9A 
units; it is stronger, therefore, at the surface of the 
units than the charge resulting from the other replace- 
ment. Such charges are assumed to be adequate to 
hold the unit layers in position so that water can not 
enter between them and cause expansion. In the 
montmorillonite minerals, this type of replacement 
is limited to an amount too small to prevent expansion. 
In illite, the replacement exists to the extent that about 
15% of the Si+*+** positions are occupied by Al***. 
The excess charge resulting from this replacement in 
illite is satisfied by potassium ions and the units are held 
together without the power of expanding. It may be 
considered that the units are held together through 
the potassium ions. The illite structure is generally 
similar to the structure of montmorillonite, except for 
replacement in the tetrahedral layer with the resulting 
potassium ions and the absence of expanding power. 
The potassium ions of illite are replaceable when they 
occur on an accessible surface. In the illite structure, 
there are also replacements in the gibbsite sheet, some 
of which may provide an excess charge available for a 
replaceable base. In illite, however, the unit layers 
do not expand and make available a huge surface area 
between the units for base exchange. As a conse- 
quence, exchange capacity is lower for illite than for 
montmorillonite. Furthermore, because the unit layers 
are held together tightly, illite does not tend to break 
down by agitation in water into as small flakes as does 
montmorillonite. 

Replacements generally do not take place in the 
kaolinite structure, and other variations (Al*** vacan- 
cies) appear to be balanced by changes of O and OH so 
that no excess charges develop on the lattice. Base- 
exchange capacity must, therefore, be attributed to 
broken bonds on the edges of fragments, and as a conse- 
quence it is small. The kaolinite structure (Fig. 3) is 
not of the expanding type, probably because of the 
attraction between oxygen and hydroxyl layers which 
are adjacent when kaolinite units are stacked one above 
the other (in montmorillonite, oxygen layers are ad- 
jacent in the structural units). Asa result, the mineral 
does not readily break down into flakes of extremely 
small size. 


V. Concept of the Make-Up of Clay 


Clays are essentially aggregates of extremely minute 
flakes, possessing forces of varying intensity which 
tend to attract individuals to each other and hold 
them together. The force may be thought of as acting 
mainly from the flat surface of the flake because such 
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surfaces make up a large percentage of the total sur- 
face area of the particle. Substitutions within the 
lattice which have been discussed are probably the 
primary cause of the attractive force. 

On the addition of water to clay, a film of H,O de- 
velops on the surface of the flakes, probably because 
of the attractive force and because of the presence of 
adsorbed cations, which tend to hydrate. The water 
film, which has been described as having high viscosity, 
may be considered to have several functions. It 
separates individual flakes, causing the force from the 
flakes to act through greater distances and thereby to 
hold the flakes together less firmly. It acts as a lubri- 
cant between the flakes. Water is a dipolar liquid, 
and the film between flakes is probably made up of 
oriented dipolar molecules with movement possible 
along planes of dipole ends (Fig. 4). It has been sug- 
gested that the flakes are held together more efficiently 
through oriented dipoles than through nonoriented 
molecules and that the lubricating effect is only pos- 
sible in the presence of oriented dipoles. 


CLAY MINERAL 
PARTICLE 


WATER Film OF 
ORIENTED DIPOLES 


MIU 


CLAY MINERAL 
PARTICLE 


Fic. 4.—Sketch showing character of water film between 
clay-mineral flakes. The flakes are completely inclosed by 
the film. Only that part of the film directly between two 
flakes is shown. 


On the surface of the flakes of some clay minerals, 
there are positions where exchangeable cations can be 
held. Different cations possess different hydration 
properties; ¢.g., the hydration of the sodium ion is 
reported to be much greater than that of the calcium 
ion, which in turn is greater than that of the hydrogen 
ion. The radius of the hydration envelop around the 
sodium ion, therefore, is much larger than the radius 
of the hydration envelop around the calcium ion. The 
character of the cation may be considered to influence 
the thickness of the water film around the clay-mineral 
flake because of its hydration properties. A further 
factor controlling the thickness of the water envelop 
is the distance from the surface of the flake at which the 
cations are held, which in turn is related to their size 
and valence. It follows from this discussion that so- 
dium montmorillonites would possess a tendency to 
build up a thicker water film than the hydrogen mont- 
morillonites. This is in agreement with the well- 
known fact that sodium bentonites (composed of 
montmorillonite) swell markedly in water, whereas 
hydrogen bentonites swell little or not at all. 

The unfired physical properties of clay, i.e., plastic- 
ity, bonding strength, shrinkage, retention of form, 
etc., may be ascribed (1) to the structure and com- 
position of the constituent clay minerals which deter- 
mine the particle size on working with water and the 
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attractive force between particles and (2) to the char- 
acter of the exchangeable bases. By composition is 
meant the make-up of the clay mineral, particularly in 
regard to substitutions within the lattice. Two 
montmorillonites, identical except for’ differences in 
Mg** replacements of Al*** gibbsite positions, may 
be expected to impart different physical properties to 
clays containing them. Properties depend not only 
on the presence of montmorillonite but on the com- 
position of the particular montmorillonite in a given 
clay. Unfortunately, analytical procedures are not 
precise enough to raise above the realm of speculation 
many points regarding lattice substitution within the 
clay minerals The water film on the surface of the 
clay-mineral flake results both from the structure- 
composition factor and the factor of exchangeable base. 
The phenomenon of plasticity results from the inter- 
play of the attractive force tending to hold the clay- 
.nineral flakes together, the thickness of water film 
keeping the flakes apart, and the lubricating proper- 
ties of the water film. Best working properties depend 
on the relation of thickness of the water film to the 
strength of the force. A clay composed of flakes with 
high attractive force and thin water film (because of an 
exchangeable cation of low hydration ability) held 
close to the flake surface would, on the basis of this 
concept, yield a sticky plastic mass. A clay with high 
attractive force and thick water film, because of a highly 
hydrated cation held a greater distance from the flake 
surface, or a clay composed of a clay mineral with low 
attractive force would yield a plastic mass with less 
stickiness. It has long been recognized that the phe- 
nomenon of plasticity in all clays is not the same and, 
on the basis of this concept, differences can be ex- 
plained. 

Many investigators have related plasticity and other 
green properties to flake-shaped particles and their 
surface film of water. The present study attempts to 
carry this concept back into the structure of the units 
composing clays. 

Although it is aside from the object of the paper to 
consider the influence of constituents other than the 
clay minerals on the properties of clays, it may be 
pointed out that angular grains of quartz, feldspar, 
etc., would disrupt the make-up of a clay leading to 
plasticity, just as grit between two lubricated steel 
surfaces disrupts the action of a lubricant. The well- 
known tendency of such material to reduce plasticity 
is in accord with this concept. It is well known that 
colloidal organic material influences the green proper- 
ties of clays. The exact mechanism of the effect is not 
clear, but in general the action results from an effect on 
the water-film characteristics. 


VI. Influence of Clay Minerals on Unfired 
Properties 

(1) Montmorillonite Group 

It follows from the foregoing discussion that a clay 
composed of montmorillonite, upon working with 
water, will be composed of a large number of extremely 
minute flakes. Charges will be present on the surface 
of the flakes adequate to hold exchangeable bases and 
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to provide a certain attractive force between particles. 
Conditions are proper, therefore, for the development 
of water films on the flakes, and with the attractive 
force between flakes, the situation fulfills the require- 
ments for the plastic state in clays. The great number 
of such flakes in a montmorillonite clay, or more prop- 
erly the great number of water films between flakes 
along which slippage can take place, indicates that the 
order of plasticity of such clays will be high. The huge 
surface area for the development of water films also 
indicates that water of plasticity and drying shrinkage 
will be relatively high. The large total surface area 
possessing attractive force suggests that bonding power 
will also be high. Although the attractive force (be- 
cause it comes from the center of the cell) is not great 
individually, the huge total number of such charges 
dictates that their mass effect will be large. 


Inasmuch as montmorillonite clays have high base- 
exchange capacity, the unfired properties of mont- 
morillonite clays will exhibit considerable variation, 
depending on the exchangeable cation present. 


(2) Ilite Group 

Clays composed of illite are aggregates of flakes with 
attractive forces on their surfaces. Like clays com- 
posed of montmorillonite, conditions are proper for the 
development of water films surrounding the flakes and 
for the existence of the plastic state when the clay is 
worked with water. Because of the structural condi- 
tions noted previously, however, flakes of illite are 
larger than those of montmorillonite, and there would 
be fewer of them in a given volume of clay. There 
would then be a smaller total surface area and conse- 
quently fewer water films between flakes along which 
slippage could take place in an illite clay. The plas- 
ticity of such clays would, therefore, be relatively less 
than that of montmorillonite clays. It follows that the 
water of plasticity, drying shrinkage, and influence of 
exchangeable bases on properties would be lower in 
illite than in montmorillonite clays. Replacements in 
the tetrahedral silica sheets, which are near the sur- 
face of the structural units and take place to a greater 
degree in illite than in montmorillonite, may mean 
that the attractive force on the surface of the individual 
units is stronger for illite than for montmorillonite. 
In illite, however, the individual units are bound to- 
gether into larger flakes so that the charge on many 
units does not influence properties. Only the attrac- 
tive forces of the units making up the outsides of the 
flakes are important. The attractive force of inside 
units serves only to hold them together to make up the 
flake. Asa result, the number of flakes in an illite clay 
is so much less than in a montmorillonite clay that the 
total attractive force in a given volume of clay would be 
less. Illite clays, therefore, would generally have lower 
bonding power than montmorillonite clays. 

The amount of Al*** replacing Si**** in illite 
varies from little, when the mineral approaches mont- 
morillonite, to much, when the mineral approaches 
muscovite in structure. When little Al*** replaces 
Si****, the units are held together less securely along 
the c-axis, and the mineral upon mixing with water 
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breaks down into thinner and smaller flakes than when 
much Al*++* replaces Sit*+**. There should be a 
wide variation, therefore, in the physical properties of 
illite clays, and it has been found that some illite clays 
have physical properties approaching those of mont- 
morillonite clays, whereas others have little bond 
strength, low drying shrinkage, and properties sub- 
ject to little change because of the character of the 
exchangeable cation. Future work probably will in- 
dicate a subdivision of the illite group with a close cor- 
relation between members of the group. and their 
physical properties. 


(3) Kaolinite Group 

The kaolinite cell does not undergo replacements 
which develop excess charges on the lattice, and the 
mineral has low base-exchange capacity. The units 
of kaolinite are held together securely along the c-axis 
so that there is little tendency for the mineral to break 
down into extremely small and thin flakes in the pres- 
ence of water. 

Clay composed of kaolinite may be viewed as an ag- 
gregate of small flakes (not so small as those of mont- 
morillonite or some illite clays) which are not charged. 
There is, therefore, slight tendency to form water 
films on the flakes and for the individual flakes to at- 
tract each other. As a consequence, bond. strength, 
drying shrinkage, and general plastic properties should 
be low. Water of plasticity should be well below that 
of montmorillonite clays and subject to variation, de- 
pending on the size of the kaolinite particles. Because 
the base-exchange capacity is low, properties of the 
kaolinite clays depend little on the character of the 
exchangeable base. 

Theoretically, it would seem that montmorillonite 
and some types of illite clays should have much greater 
plastic properties and bonding strength than kaolinite 
clays and other types of illite clays. This is in agree- 
ment with the well-known fact that a sinall amount of 
montmorillonite clay, e.g., bentonite, added to clays of 
low plasticity and bond strength, greatly increases these 
properties. For these reasons and also because of 
petrographic analytical data for a wide variety of clays, 
the writer has reached the conclusion that the unfired 
properties of clays are frequently Jetermined to a large 
degree by the amount of montmorillonite or illite of a 
certain type which they contain. For example, in 
china clays, which are essentially kaolinite clays, very 
small amounts of montmorillonite or illite may be the 
chief factor in determining unfired properties, the in- 
fluence being out of all proportion to the abundance of 
these minerals. The quantity may be too small to per- 
mit detection when a bulk sample is studied. Only 
by fractionation of the finest grade sizes does the con- 
stituent, which may be largely responsible for the 
properties, become evident. 


Vil. Influence of Exchangeable Bases on Physical 
Properties 

Only an incomplete discussion of this subject is pos- 

sible because of the general unsatisfactory condition 

of the available data which are scant and frequently 
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contradictory. Reports of the influence of electrolytes 
on clays are of little value unless the amounts of actual 
base exchange and the mineral composition are 
recorded. The lack of adequate tests for measuring 
such properties as plasticity is an added difficulty. 

Primarily, the influence of various cations on many 
physical properties is determined by the degree of their 
hydration and the distance they are held from the sur- 
face of the particle, and consequently with the charac- 
ter and thickness of the water film developed. By char- 
acter is meant particularly the perfection of orientation 
of the water dipoles; there is some reason to believe 
that the degree of orientation may vary with the cati- 
ons present. Sodium ions carry much water and are 
loosely tied to the surface of the flake. Calcium and 
magnesium ions are more solidly held and carry less 
water than sodium ions. Hydrogen, aluminum, and 
iron are firmly held and carry less water than the bi- 
valent ions. A further important factor is the dis- 
rupting influence of some cations, particularly Na*, in 
clays of certain types. Highly hydrating Na* in 
montmorillonite tends to produce a spreading apart 
of the structural units along the c-axis, with a conse- 
quent breakup of the clay particle into extremely 
minute flakes. There is much less tendency for spread- 
ing of the structural units of a hydrogen-montmoril- 
lonite clay, so that upon working with water, a sodium- 
montmorillonite clay will be made up of a greater 
number of smaller flakes than a hydrogen-montmoril- 
lonite clay. The character of the exchangeable cation, 
therefore, also in‘luences properties because of its in- 
fluence on the particle-size distribution of the clay when 
worked with water. 

Some investigators consider that Na* increases the 
plasticity of clays; others, that this property is de- 
creased by Na*. Cations of low hydration, such as H* 
and the trivalent ions, Alt**+ and Fe*+**, impart low 
plasticity to clays. Recent studies indicate that the 
best working properties are found when an ion of inter- 
mediate or relatively low hydration, like Cat*, is the 
exchangeable base present. Available data indicate 
that water of plasticity is higher for the hydrogen 
clays than for those carrying alkalis. 

Substitution of sodium for other exchangeable bases 
tends to increase drying shrinkage. Clays with Al*** or 
Fe*+*+* have lower shrinkage than those carrying Catt 
or Mg**, and these clays in turn have less drying 
shrinkage than those with Na*. 

Green strength tends to be higher for hydrogen clays 
than for clays carrying sodium. Clays with the di- 
valent ions possess an intermediate strength. In some 
utilizations of clays, it is necessary to determine a green 
and a dry strength in clay-sand mixtures. Hydrogen 
bentonites are known generally to have higher green 
strength than sodium bentonites, and frequently the 
latter have greater dry strength than the former. 
The explanation for this situation is by no means clear, 
but it would seem to be related to the difference in the 
disrupting ability of Na+ and H*, that is to say, dry 
strength is closely related to particle size, whereas 
green strength is more closely related to the thickness 
of the water film on the flakes. 
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Almost all clays with high ability to remove the color 
from oil are composed of members of the montmoril- 
lonite group or certain types of illite. The efficiency 
of many bleaching clays is increased by acid treat- 
ment. It has been suggested that decolorizing ability 
is related to the presence of H* and Al*+** in proper 
proportions as exchangeable cations. 


Vill. Influence of Clay Minerals on Fired Properties 

There has been little study of this problem, and the 
scant available data permit only a few general conclu- 
sions. It is made difficult by the fact that the pro- 
portionate influence of minor constituents and im- 
purities on fired properties is greater than on green 
properties. Thus, a trace of an impurity may seriously 
influence firing properties but have no effect on 
unfired properties. 

Minerals of the illite and montmorillonite groups 
contain ferric iron replacing aluminum, and a red or 
yellow firing color results. Some exceptional clays are 
known to contain much illite and practically no iron. 
These clays, of which Valendar clay is an example, have 
a light-firing color. Iron does not appear as a replace- 
ment of aluminum in the kaolinite structure, and con- 
sequently kaolinite clays are light or white firing. 

Minerals of the illite and montmorillonite groups 
contain alkalis and alkali earths either within the lat- 
tice or as adsorbed ions. Because of these constituents 
and because of the usual presence of iron, clays com- 
posed of these minerals are not refractory. Kaolinite 
contains no alkalis or alkali earths, and consequently 
kaolinite clays are refractory. 


IX. Particle-Size Grade Distribution 


A large amount of important work has been done on 
the size-grade distribution of clays and on the relation 
of particle size to physical properties. Mechanical 
analyses of clays attempt to classify the constituents 
according to particle size, and because clays are essen- 
tially composed of clay minerals, the object is to deter- 
mine the size in which the clay minerals exist. Clay- 
mineral studies indicate that certain characteristics of 
these minerals must be taken into account in making 
such determinations. 

Analyses of clay are made using water. The deter- 
mination of size is preceded by a process of disper- 
sion to place the clay in suspension. It is obvious 
from the previous discussion of clay-mineral properties 
that dispersion of a clay in water will tend to break up 
the clay-mineral particles by cleavage along the basal 
plane and by breakage across thin flakes. The Atta- 
pulgus fuller’s earth illustrates the phenomenon. A 
thin section study of this clay shows it to be composed 
largely of clay-mineral particles several microns in 
diameter. The clay is easily disaggregated and dis- 
persed so that wet analysis shows almost all of the 
clay to be composed of particles smaller than 1 or 0.1 ». 
In making mechanical analyses of clays, the measure- 
ments made clearly represent the degree of disaggre- 
gation and frequently nothing else. There may be no 
relation between the size-grade distribution deter- 
mined and the size-grade distribution of the natural 
clay. 


In utilizing clays with water in which there is a cer- 
tain amount of working of the clay, there is also the 
tendency to break down the clay-mineral particles. 
Correlation of size-grade distribution and properties 
depends on the assumption that the breakdown of 
particles is the same order of magnitude in analysis 
and in working. In such correlation work, the ob- 
jective should be to determine the effective particle 
size, t.e., the particle size of the clay as it is actually 
used. 

It is clear from the previous discussion of clay miner- 
alogy that montmorillonite breaks down much more 
easily during analysis than does kaolinite. Some illites 
retain their size during dispersion and analysis, whereas 
others are easily reduced. Mechanical analyses of 
kaolinite clays give a fair picture of the make-up of the 
natural clay, whereas analyses of montmorillonite 
clays measure little more than the degree of disaggre- 
gation. 


X. Analytical Data for a Group of Typical Clays 


Table II presents the mineral composition of a variety 
of clays and shales together with determinations of 
certain of their physical properties and textural char- 
acteristics. The relative values for ceramic properties 
of kaolinite, illite, and montmorillonite clays, respec- 
tively, are in agreement with those anticipated on 
theoretical grounds. Complete detailed correlation 
can not be expected unless other factors such as base- 
exchange characteristics are also considered. 

Water of plasticity is much higher for montmoril- 
lonite clays (samples Nos. 12, 13, 14, and 15) than for 
those composed of illite and kaolinite. Water of 
plasticity tends to be higher for kaolinite than for 
illite clays, although some of the latter yield fairly high 
values (sample No. 11). 

Modulus of rupture of the pure kaolinite clays 
(samples Nos. 1 and 2) is low, lower than that for 
illite. The high strengths of samples Nos. 3, 4, 5, and 
6, which are also kaolinite clays, are due to the pres- 
ence of constituents other than kaolinite, e¢.g., organic 
material, certain kinds of illite, and montmorillonite. 
Shale samples Nos. 9 and 10 are illustrative of illite 
material with low modulus of rupture, and sample No. 
11 shows an illite clay with high modulus of rupture. 
The high shrinkage of montmorillonite makes accurate 
modulus of rupture determinations impossible. The 
values for mixtures of 95% sand and 5% clay show the 
high strength of montmorillonite and some illite. 
Shrinkage is high for the montmorillonite clays and 
low for illite and kaolinite clays. The kaolinite clays 
appear to have higher dry shrinkage than firing shrink- 
age, whereas in illite clays the firing shrinkage is higher. 

The data show clearly the refractory and light-firing 
character of kaolinite clays and the nonrefractory and 
dark-firing character of illite and montmorillonite 
clays. Clays composed of illite and montmorillonite 
have a tendency to bloat. 

The kaolinite and illite clays contain varying but 
usually small amounts of material in particles easily 
reduced to less than 1 « and very small amounts re- 
ducible to less than 0.1 ». Some illite clay-mineral 
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particles are readily reduced to less than 0.1 4; samples 
Nos. 5, 6, and 11 contain such illite and hence show 
large amounts of material in this size-range. Clays 
composed primarily of montmorillonite minerals 
(samples Nos. 13, 14, and 15) show large amounts of 
material of less than 1 » and almost the same amount 
of less than 0.1 4. Sample No. 12 seems to be an ex- 
ception, but this clay contains much nonmontmoril- 
lonite material, has a montmorillonite with unusually 
high silica content, and contains free silica probably 
acting as a cement for the individual clay mineral 
particles, which may explain its exceptional grain size. 

Determinations of particle size and mineral com- 
position of many clays and shales have shown that 
kaolinite and most illite tend to exist in particles larger 
than 0.1 «in diameter. Large particles of these miner- 
als are not readily reduced to sizes below 0.1». Mont- 
morillonite, however, exists in particles up to several 
millimeters in diameter which usually can be broken 
down to less than 0.1 « by simple agitation in water. 
This fact has been used by Bray, Grim, and Kerr as a 
basis for mineralogical analyses of complex clays. 
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WORKABILITY OF CLAYS* 


By Rosert P. GRAHAM AND JouNn D. SULLIVAN 


ABSTRACT 


Stress-strain relationships were established in a torsion machine on 6 clays with vary- 
ing water content in the workable stiff-mud range. Torsion tests gave the following 
measurements: (1) yield point, (2) maximum torque, (3) angle of deformation at maxi- 
mum torque, and (4) angle of deformation at ultimate failure. Lawrence clay exhib- 
ited the highest angle at maximum torque and angle at ultimate failure of the plastic 
clays studied. Georgia kaolin had a low yield point, maximum torque, and angle at 
maximum torque. Workability in the stiff-mud range is not necessarily a measure of 
workability of the same bodies with different moisture contents. 


1. Introduction 


This paper is the third in a series on a general study 
of base-exchange phenomena in clays. The first paper’ 
outlined methods for analyzing exchangeable bases in 
clays and similar materials, and the second* described 
an improved machine for studying, and the forms of 
failure of, clay bodies in torsion. This paper discusses 
the workability of 6 different clays as determined in the 
torsion machine, with special emphasis on the effect of 
water content. Work is in progress on the effect of 
individual exchangeable bases on the workability of 
various clays. 

Various terms have been used to describe the prop- 
erties of clay bodies which govern their ability to be 
deformed without rupture. Plasticity is frequently 
used, but the term, “workability,” is preferred because 
factors other than true plasticity, at least in the meas- 
urements, are involved. 

Wilson’ described torsion measurements on clays and 
other mineral substances and the apparatus used. He 
stated that the plasticity of finely ground minerals with 
water is due to the presence of stable viscous water 
films held on the surface of the particles and that the 
formation of the water films depends on the shape 
and surface activity of the particles. He also concluded 
that the total deformability is proportional to the 
angular strain at fracture and that plasticity is roughly 
proportional to the product of the yield value and the 
angular strain at fracture. 

Norton‘ concluded that at least three properties must 
be used to express workability of clays, viz., yield point, 
maximum strength, and deformation at the breaking 
point. He considered the yield point to be important 


* Presented at the Forty-First Annual Meeting, 
American Ceramic Society, Chicago, Ill, April 19, 
1939 (Structural Clay Products Division). Received 
February 15, 1939. Work done under Battelle Research 
Associate Fund. 
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because it enables the formed clay article to retain its 
shape under gravitational forces and sudden accelera- 
tions in handling; the maximum extensibility or de- 
formation is important because it measures the degree 
with which the clay can be formed without rupture. 
A plastic clay, therefore, should have a high yield point 
and high extensibility. Norton also stated that the 
product of yield point and maximum deformation 
reaches a maximum at the water content of best work- 
ability. 

Whittaker® showed the plasticity of kaolinite to be 
directly related to surface area and inversely related 
to particle size. Lin,* working under E. O. Wilson, 
presented data on one clay showing that the angular de- 
formation at failure passes through a maximum with 
increasing water content. 


ll. Experimental Work 

Torsion tests were made on the following bodies’: 
(1) Lawrence plastic fire clay, (2) Kentucky ball 
clay, (3) Wyoming bentonite, (4) Pennsylvania flint 
fire clay, (5) Kentucky flint fire clay, and (6) Georgia 
kaolin (Wilkinson County). These are the first tor- 
sion data, within the authors’ knowledge, to be pub- 
lished on flint clays and bentonite. 

The manner of preparing the clay bars for testing 
and details of the torsion test have been described.” 
The clay body was adjusted to the desired water con- 
tent at least 24 hours before testing to obtain uniform 
moisture distribution. It was mixed by running it 
through a meat grinder, worked into a ball, and placed 
in a container with a water-saturated atmosphere. 
After 24 hours, the body was run through the meat 
grinder to shred it, and it was extruded with a de- 
airing machine at 28'/; to 29 in. vacuum as '/;-in. di- 
ameter bars, which were cut to 3'/,-in. lengths. The 
bars were tested shortly after extrusion. Because the 
length of time the body has aged after tempering has 
some effect, the details of preparation are given under 
each body discussed. All bodies were aged at least 


5H. Whittaker, “‘Effect of Particle Size on Plasticity of 
Kaolinite,” ibid., 22 [1] 16-23 (1939). 

*C. Y. Lin, Third Annual Rept. Ceramic Project, 
Yenching Univ., pp. 12-13 (1936-37). 

7 The chemical analyses were given on page 177, and analy- 
ses of exchangeable bases were given in Tables IV and V 
of the first paper (see footnote 1). 
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24 hours before extrusion. Aging longer had virtually no 
effect on the yield point and maximum torque, but the 
angle at which maximum torque occurred increased as 
much as 6% by aging 3 weeks. For each body, at least 
3 water contents in the plastic or so-called stiff-mud 
range of the clays were used. These were moderately 


% 


\ 


Fic. 1.—Stress-strain curves, Lawrence plastic fire clay. 


dry, medium, and fairly wet or soft. The lowest water 
range of the body was limited in some instances by the 
working range of the torsion machine, but in every in- 
stance the body was drier than that ordinarily used in 
stiff-mud practice. At least 4 bars were always used, 
and the average value was taken. 

Data were obtained on (1) yield point, (2) maxi- 
mum torque or maximum strength, (3) angular de- 
formation at maximum strength or angle at maximum 
torque, and (4) angular deformation at ultimate fail- 


Fic. 2.—Stress-strain curves, Kentucky ball clay. 


The stress-strain curves given in this paper are ex- 
perimental curves that were made by enlarging and pro- 
jecting the image from the smoked plate obtained in the 
torsion test. A family of curves was obtained for each 
water content, and a mean or average curve was drawn 
from this family. The resultant curves are those repro- 
duced in Figs. 1 to 9. The angular deformation is 
shown on the figures only to 216°, although in some 
cases the angle of failure was greater than this (see 
Table I). 


Note: As the yield point, maximum torque, and angle 
at maximum torque are shown in every instance, the 
figures were cut at 216° to obtain better proportions in the 
reproductions. 


The dotted portions of the curves are beyond the 
angle of ultimate failure, but they are actual reproduc- 
tions from the smoked plates. Even after failure, 
some torque is transmitted through the bar because of 
the friction of the severed portions on each other. The 
kinetic energy also carries the stylus beyond the point 
of failure. The start of the dotted portions of the 
curves were chosen from actual observations at failure 
and by snubbing the driving mechanism when ultimate 
failure was visually determined. 


(1) Lawrence Plastic Fire Clay 

The raw clay used in this investigation was —8- 
mesh size. A 15-lb. batch was thoroughly mixed with 
about 20% of its weight of water and pugged for about 
45 minutes to mix the mass thoroughly and to slake 
the clay particles. The pugged material was stored 
for 3 weeks, and then water additions, necessary to ad- 
just the water content, were made. The body was 
then stored for 24 hours and treated in the manner 
previously described in this paper. 


Fic. 3.—Stress-strain curves, Wyoming bentonite. 


Figure 1 gives the stress-strain curves at 4 water con- 
tents, and data are also given in Table I. The aver- 
age deviation from the mean of the several tests from 
which the ultimate curves were derived for yield 
points was 1.3% and for maximum torque, 1.1%. The 
average deviation from the mean of the angle at maxi- 
mum torque was 0.8%. The angle at which ultimate 
failure occurred was not so consistent, the average 
deviation being about 7%. 


(2) Kentucky Ball Clay 

The clay, received in wet lump condition, was dried 
and reduced to —65-mesh size in a hammer mill. It 
was pugged with enough water to mix thoroughly and to 
slake the clay and was stored one day before extrusion. 

Data are given in Fig. 2 and Table I. The average 
deviation from the mean of yield values was 1.5%; of 
maximum torque, 1.0%; of angle of failure, 9.2%; 
and of angle at maximum torque, 1.0%. 

In Fig. 8, the yield point, maximum torque, angle at 
maximum torque, and angle of ultimate failure are 
plotted against water content. 


(3) Wyoming Bentonite 

The bentonite was put through a hammer mill to 
reduce the size to —65-mesh. It was pugged with 
100% of its weight of water and stored for 6 weeks. 
The water content was reduced in plaster of Paris bats 
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to the desired amount, and the bodies were aged 24 
hours before extrusion. 

Data are given in Table I and Fig. 3. The average 
deviation from the mean of yield values was 3.8%; 
of maximum torque, 2.9%; of angle at failure, 8.0%; 
and of angle at maximum torque, 0.9%. 


(4) Pennsylvania Flint Fire Clay 
The sample was ground in a ball mill to the following 

screen analysis: 
Size, mesh (Tyler) 


The body was made to the desired water content and 
pugged for '/, hour, stored 1 day, and extruded in the 
usual manner. 


ry hall 


ANGLE OF TwrST. OEGREES 


Fic. 4.—Stress-strain curves, Pennsylvania flint fire clay. 


Data are given in Fig. 4 and in Table I. Figure 9 
gives the curves of yield point, maximum torque, angle 
at maximum torque, and angle at ultimate failure 
against water content. 

The average deviations from the mean of yield point, 
maximum torque, angle at maximum torque, and angle 
at failure were 3.8, 2.5, 5.3, and 3.8%, respectively. 


Fic. 5.—Stress-strain curves, Kentucky flint fire clay. 


(5) Kentucky Flint Fire Clay 

Two sizes of Kentucky flint fire clay were studied. 
The fine sample was prepared by re-grinding the coarser 
The sieve analyses are as follows: 


one. 
Size, mesh (Tyler) Original (%) Re-ground (%) 
+ 65 10.6 0.0 
— 65 + 100 8.0 0.3 
—100 + 150 10.1 6.4 
—150 + 200 11.1 13.4 
—200 + 325 10.7 12.7 
—325 49.5 67.2 
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The bodies were pugged with the desired amount of 
water and aged | day before extrusion. 

Torsion curves for the original and re-ground ma- 
terial are given in Figs. 5 and 6 andin Table I. In the 
case of the coarser body, the average deviations from 
the mean of yield point, maximum torque, angle at maxi- 
mum torque, and angle of ultimate failure were 3.8, 
3.8, 8.6, and 8.3%, respectively. For the finer body, 
the values were 2.7, 2.4, 3.9, and 6.0%, respectively. 


~ 


Fic. 6.—Stress-strain curves, re-ground Kentucky flint fire 
clay. 


The data are interesting because they show the 
marked effect of particle size. The finer material re- 
quired about 7% more water to give bodies of about the 
same stiffness. In each case, the angle of failure was 


Vie 


Fic. 7.—Stress-strain curve, Georgia kaolin. 


low, only slightly higher than that at maximum torque, 
and it was virtually independent of the degree of grind- 


ing. 
(6) Georgia Kaolin 


Data were extremely hard to get on Georgia kaolin, 
but although the results were quite erratic they were 
accurate enough to be valuable for comparison with 
the other clay bodies. One body is given as an “‘aver- 
age”’ from the following measurements in which the 
water varied from 28.3 to 29.1%. A typical stress- 
strain curve for a water content of 28.7%, given in 
Fig. 7, shows that the yield point and maximum 
torque were extremely low. 


Angle at 
Angle at ultimate 
Vield point Max. torque max. torque failure 
(g.-cm.) (g.-cm. (degrees) (degrees) 
143 390 96 180 
156 429 96 210 
169 442 96 220 
195 481 96 180 
Av. 169 442 96 200 


| 
—100 + 150 5.5 Per 
13 
—325 61.4 
| 
| 
| 
| 
| 
| 
| 
N 
\ 
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Fic. 8.—Effect of water content on yield point, maxi- 
mum torque, angle at maximum torque, and angle of 
ultimate failure (Kentucky ball clay). 


TABLE I 


Torston Test Data ON SEVERAL CLAYS WITH VARYING 
WATER CONTENT 


Angl 
Angle a 

at ulti- 

maxi- mate 

(%) mum frac- 

by wt. Vield Max. torque ture 

of dry point torque (de- (de- 
Clay bod (g.cm.) (g.-cm.) grees) grees) 

472 1149 99 230 

Lawrence 396 932 100 226 
plastic 297 681 101 312 
257 582 101 328 

358 743 90 178 

Ky. ball 215 472 91 230 
172 389 92 248 


254 582 87 164 
151 348 87 


Wyo. bentonite 
102 262 87 160 


358 820 73 77 

Pa. flint 182 508 107 129 
89 318 116 156 

Ky. flint 442 949 55 60 
(original) 273 689 93 100 
136 445 115 130 

Ky. flint 655 1216 60 64 
(re-ground) 304 621 85 109 


Ses BE BESS 
WHO OBR CONN S 


107 280 115 164 


lll. Discussion 

The data obtained in the torsion tests on clays of 
stiff-mud consistency can be compared with one an- 
other, but it must be pointed out that the plasticity 
or workability at stiff-mud consistencies in the so- 
called working range may not represent the maximum 
workability of the bodies. The size of particle may 
also be important, especially in the case of the less plas- 
tic materials. A clay with a higher water content than 
can be extruded and tested in the torsion machine may 
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Fic. 9.—Effect of water content on yield point, maxi- 
mum torque, angle at maximum torque, and angle of ulti- 
mate failure (Pennsylvania flint fire clay). 


be more workable than in the range of water content 
that can be used in the test. A plastic clay in the stiff- 
mud range may have greater workability than another 
clay in the same range, but if only 10 or 20% of plastic 
clay is used in a body the remainder of which is grog, 
the order in the ultimate body may be reversed. The 
fact that under certain conditions bentonite is less 
workable than either the Lawrence or Kentucky ball 
clays does not mean necessarily that under other 
conditions the reverse will not be true. In fact, it is 
well known that, under certain conditions, bentonite is 
a much better plasticizer than either of the other two 
bodies, but in those cases the bentonite particles them- 
selves have a higher water content than in the stiff-mud 
tests outlined here. When a small amount of bentonite 
is added to a highly grogged body and the mass is made 
to stiff-mud consistency, the moisture content of the 
bentonite particles themselves is extremely high. 

Data from torsion tests using straight clay bodies 
should be compared only for bodies of similar consis- 
tency. The torsion data reported here are valuable, 
e.g., to compare the effect of individual exchangeable 
bases. They are also valuable as a measuring basis to 
determine a desirable water content of stiff-mud bodies 
instead of depending on “‘feel.’’ Work is also in progress 
on torsion tests of bodies containing about 75% of grog 
and the remainder plastic clays. 

The writers attach considerable significance to the 
angle at which maximum torque occurs because it meas- 
ures a rupture of the body. In the case of nonplastic 
and nonslaking clays, it is virtually a measure of ul- 
timate failure. In plastic and slaking bodies, it does 
not coincide with ultimate failure of the bar, but de- 
formation beyond this angle effects gradual deteriora- 
tion with resultant less torque transmitted until ul- 
timate failure occurs. The angle at which maximum 
torque occurs is virtually independent of the water 
content in the workable stiff-mud range of plastic and 
slaking clays, whereas it is not independent in the case 


| 
ag 
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of nonplastic and nonslaking clays. The workability 
is governed chiefly by the presence of stable water films 
held on the surface of the clay particles. Breaking the 
film results in lowering the torque transmitted by a 
test bar, as exemplified at the angle of maximum torque. 

The interpretation of the “‘stiff-mud range” is largely 
in the hands of the experimenter. In the work re- 
ported here, the range selected was fairly narrow; pos- 
sibly other experimenters have chosen wider ranges. 
In experiments, the details of which are not reported 
here, the writers found that with extremely dry ex- 
truded bodies of either plastic or nonplastic clays the 
bars broke rather suddenly at an angle not far removed 
from the yield point and that the characteristic form 
of the stress-strain curve was not followed. The angle 
at which failure occurred, and likewise the angle at 
maximum torque which was identical with the angle of 
failure, therefore were low. 

In the case of nonplastic clays after the bar has been 
distorted beyond the angle at which maximum torque 
occurs, if the torque is released the body remains ap- 
proximately in the same condition. On the other 
hand, plastic bodies can be deformed considerably be- 
yond the angle at which maximum torque occurs, and 
if the torque is released, the body will tend to return to 
its initial condition; in some instances it may reverse 
as much as 45°. 

The yield point, maximum torque, and angle at maxi- 
mum torque are definite and reproducible. The angle 
of ultimate failure is less constant. Other shaped speci- 
mens may decrease this deviation, but the solid bar 
is commonly used in metallurgical torsion tests, and 
clay bodies in industry are usually extruded in solid 


form. 
IV. Summary 
All conclusions are based on extruded bodies in the 
so-called stiff-mud working range as defined in this 


paper. 


In all of the clays tested, the yield point decreased 
with increasing water content. 

In all cases, the maximum torque decreased with in- 
creasing water content. 

With plastic and slaking clays, the angle at which 
maximum torque occurred was virtually independent 
of water content. 

With nonplastic and nonslaking clays, the angle at 
which maximum torque occurred increased with in- 
creasing water content. 

With extremely dry bodies outside the working range, 
the angle at which maxium torque occurred decreased 
with decreasing water content. 

Ultimate failure was considerably more abrupt with 
nonplastic and nonslaking clays than with plastic and 
slaking clays. 

The angle of ultimate failure increased with increas- 
ing water content with nonplastic and nonslaking clays 
and with Lawrence clay and ball clay. In Georgia 
kaolin, it was virtually independent of water content; 
in the case of bentonite, it passed through a maximum. 

Lawrence clay exhibited the highest yield point, 
maximum torque, angle at maximum torque, and angle 
of ultimate failure of the so-called plastic clays. 

Georgia kaolin had low values of yield point, maxi- 
mum torque, but the angle at maximum torque and 
angle of ultimate failure were fairly high. 

Bentonite, while requiring a high water content, had 
lower values of yield point, maximum torque, angle at 
maximum torque, and angle of ultimate failure than 
either Lawrence fire clay or Kentucky ball clay. 

Workability in the stiff-mud range is not necessarily 
a measure of workability of the same bodies with differ- 
ent moisture content. 
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A UNIQUE CLAY FROM THE GOOSE LAKE, ILLINOIS, AREA* 


By R. E. Grow W. F. Brapiey' 


ABSTRACT 
A deposit of nonbentonitic clay has been found in the Goose Lake area of Illinois. 
The clay has unique properties and composition, and it is marketed under the trade name 


“Grundite.”’ 


Its chief constituent was first thought to be beidellite, but further detailed 


microscopic, X-ray, and chemical studies have shown that it is composed of a distinctive 
mica-clay mineral of the illite group. The clay possesses properties of plasticity, 


strength, and gel formation which have caused wide usage in a variety of fields. 


The 


occurrence, constitution, and properties are discussed. 


|. Introduction 

Recent petrographic research of the Illinois State 
Geological Survey has led to the discovery of a new 
deposit of sedimentary nonbentonitic clay with unique 
composition and properties. 

Nore: The clay lower Pottsville in age and occurs in the 
pit of the Illinois Clay Products Company, NW. 1/4 NW. 
1/4 sec. 11, T. 33 N., R. 8 E., Grundy County, Ill. The 


clay will henceforth be marketed under the copyrighted 
name “‘Grundite”’; it is also marketed to some industries 


under the name “‘NaClay.” 

The essential constituent of the clay was first thought 
to be the clay mineral, beidellite, but detailed micro- 
scopic, X-ray, and chemical study has shown it to be 
composed of a distinctive clay mineral of the illite 
group. This member of the illite group differs from 
other illites which have been studied in its properties 
and in the physical properties it imparts to the clay 
composed of it. The clay is unique in possessing oil- 
decolorizing ability, high bonding strength, excellent 
mud-forming properties, and other characteristics not 
possessed by the argillaceous materials that have 
been investigated, such as the Pennsylvanian shales 
of Illinois, which are also composed of illite. 

It is the purpose of this paper to describe the occur- 
rence and the composition of this clay, together with 
the physical properties which have caused its extensive 
commercial utilization. 


ll. Occurrence and Character 

The clay comprises horizon 5 of the section described 
in Table I. It is green to gray, unlaminated, non- 
calcareous, nonbedded, nongritty, and possesses the 
irregular, interlocking, slickensided-fracture surfaces 
characteristic of Pennsylvanian underclays in Illinois. 
Organic material is present in varying amounts, being 
least abundant when the clay is green. Moisture causes 
the dry, fairly hard clay to become very sticky and 
plastic. 

The other underclays shown in the section (horizons 
3 and 1) are essentially kaolinite’ clays which also 

* Presented at the Fortieth Annual Meeting, American 
Ceramic Society, New Orleans, La., March 29, 1938 (Gen- 
eral Session on Constitution of Clay). Received April 
11, 1938. 

Published with the permission of the Chief of the 
Illinois State Geological Survey. F 

t Petrographer and Assistant Chemist, respectively, 
Illinois State Geological Survey, Urbana, Illinois. 

‘R. E. Grim and V. T. Allen, ““Pennsylvanian Under- 
clays of Illinois,” Bull. Geol. Soc. Amer., 49, 1485-1514 
(1938). 
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contain some illite. These clays are not considered in 


this paper. 


TABLE I 


Section Exposep rn Goose Lake Cray Prr* 


Age Material Thickness 


Pleistocene 
7 Peat, loam, marl, or sandy 
gypsiferous clay 0-6 ft. 
Pennsylvanian 
Limestone: 
soft, clayey 
5 Underclay: green to gray; 
frequently lower part green; 
upper part gray; middle 
portion mottled gray-green 
(this relationship not con- 
stant) 
4 Coal 
3 Underclay: dark brownish- 
black; highly fractured; 
usually contains several 
thin coal streaks variable 
distances below top 
oal 


gray, massive, 
0-6 in. 


0-6 ft. 
1-4 in. 


3-5 ft. 
2-6 in. 


bo 


Underclay: gray-black, 
slightly gritty, slightly frac- 
tured 

Ordovician (Richmond) 


12 ft. + 


* Illinois Clay Products Co., NW. 1/4 NW. 1/4 sec. 11, 
T. 33 N., R. 8 E., Grundy County, II. 


The Pleistocene materials (horizon 7) are variable in 
thickness and in distribution. Usually only one of the 
materials mentioned occurs between the Pennsylvanian 
sediments and the surface. Where horizon 5 is present, 
the covering of Pleistocene material is very thin or 
practically absent. 

The Pleistocene-Pennsylvanian contact is irregular. 
Occasionally horizons 6 and 5 are missing from the 
section, presumably because of erosion. Experience 
has shown that where the Pleistocene section contains 
beds of peat, horizons 6 and 5 of the section are gener- 
ally absent. In the immediate area in which this 
section is exposed, the clay under consideration is 
known to be present over an area of at least several 
acres in extent. 


ill. Mineral Composition 
The green clay is composed almost entirely of a dis- 
tinctive member of the illite group of clay minerals 
(see Section IV, Analytical Data for Illite Constituent). 
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The gray clay also contains kaolinite, varying in amount 
to as much as 20% of the total material. 

The illite occurs in flake-shaped particles of varying 
size up to 0.015 mm. in diameter. Upon working the 
clay with water, the larger particles are broken down 
easily to a size of less than 0.0001 mm. in diameter. 
Kaolinite occurs in particles attaining a maximum 
diameter of 0.02 mm., and they are not easily reduced 
in size by working the clay with water. 


- 
—_ 


VERTICAL SCALE 


1°] 5 10 15 FEET 


Fic. 1.—Generalized cross section of clay deposit in pit 
of Illinois Clay Products Co., Grundy County, IIL; 
horizon 5 contains the clay considered in this paper. 


Quartz, in unsorted grains with a maximum diameter 
of 0.06 mm., is a constituent in varying amounts up to 
15% of the total clay. Euhedral grains of pyrite in 
small amounts are present occasionally. A small 
amount of organic material, particularly in the gray 
clay, is present as pigmentary material in the colloid 
fractions. The exact nature of this organic material 
is not known. Other rare constituents are grains of 
zircon, tourmaline, rutile, glauconite, and feldspar. 
All of the feldspars are of the orthoclase and microcline 
varieties and are relatively unaltered. These nonclay- 
mineral constituents are similar to those found in other 
underclays. 

The presence of kaolinite was determined on the 
basis of optical and X-ray data, and inasmuch as the 
characteristics? of this clay mineral are well estab- 
lished, a presentation of the analytical data is un- 
necessary. The member of the illite group was identi- 
fied on the basis of optical, X-ray, and chemical data. 
This clay mineral was found to be a distinctive member 
of the illite group in that its characteristics are some- 
what different from those of other illites which have 
been studied. It is necessary, therefore, to discuss the 
analytical data for this constituent in some detail. 


2C. S. Ross and P. F. Kerr, ‘‘The Kaolin Minerals,” 
U. S. Geol, Surv. Prof. Paper, No. 165-E, pp. 151-80 (1931); 
see also Jour. Amer. Ceram. Soc., 13 [3] 151-60 (1930). 
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IV. Analytical Data for illite Constituent 

In order to obtain pure material for optical, X-ray, 
and chemical studies, a sample of the green clay was 
subjected to supercentrifuge fractionation.* The fol- 
lowing fractions were obtained: residue, +0.2 micron; 
colloid fraction A, 0.2 to 0.05 uw; and colloid fraction B, 
—0.05 

The residue is a mixture of illite and the nonclay 
minerals noted previously. Optical and X-ray analyses 
show that the colloid fractions are homogeneous mono- 
mineral material. 

The analytical data (Tables II, III, and IV) are de- 
rived from the colloid fractions. In addition to purifi- 
cation, supercentrifuge fractionation has the further 
advantage of providing oriented aggregates,‘ which 
are more satisfactory for optical and X-ray studies. 


(1) Optical Data 

The optical data (column (1), Table II) were de- 
termined on aggregates composed of individuals in 
relatively uniform crystallographic orientation. These 
data are incomplete because the aggregates give scant 
information on the crystal form and orientation of the 
mineral. Interference figures were obtainable, indi- 
cating that 2V = 8°, and Bx,(= X) approximately 
1 to the base. 


TABLE II 
Optica, DaTa 
Illite Beidellite Non 
—~ tronite 
(1) (2) (3) (4) (5) (6) 
Y 1.574 1.598 1.588 1.536 1.572 1.615 
a 1.544 1.565 1.555 1.494 1.523 1.580 
y-a 0.030 0.033 0.033 0.042 0.049 0.035 
2V 8° + §°+ 9°-16° Small 
Optical 
character (—) (-) (-) (-) (*) 


Column (1), clay mineral constituent of green clay, hori- 
zon 5, Grundy County, Ill. (see section in Table I); 
column (2), Gilead, Calhoun County, IIl.,and column (3), 
Fithian, Vermilion County, Ill. (R. E. Grim, R. H. Bray, 
and W. F. Bradley, ““Mica in Argillaceous Sediments,” 
Amer. Mineralogist, 22 (7 | 813-29 (1937); Ceram. Abs., 17 
[4] 157 (1938)); column (4), Beidell, Colo., and column (5), 
Spokane, Wash. (C. S. Ross and E. V. Shannon, ‘‘Chemical 
Composition and Optical Properties of Beidellite,’’ Jour. 
Wash. Acad. Sci., 15, 467-68 (1925); Ceram. Abs., 5 [3] 100 
(1926)); and column (6), values given by C. S. Ross and 
P. F. Kerr (see “Clay Minerals and Their Identity,” 
Jour. Sedimentary Petrol., 1, 55-65 (1931); p. 61). 


Other illites which have been studied (columns (2) 
and (3), Table II) have slightly higher indices of re- 
fraction. The optical data for the illite in the green 
clay are so similar to those for the iron-rich beidellite 


*R. H. Bray, R. E. Grim, and P. F. Kerr, “Application 
of Clay Mineral Technique to Illinois Clay and Shale,” 
Bull. Geol. Soc. Amer., 46 [12] 1909-26 (1935); Ceram. 
Abs., 15 [5] 163 (1936). 

(a) R. E. Grim, ‘“Petrographic Study cf Clay Min- 
erals, a Laboratory Note,” Jour. Sedimentary Petrol., 4 
[1] 45-47 (1934); Ceram. Abs., 13 [8] 220 (1934). 

(b) G. L. Clark, R. E. Grim, and W. F. Bradley, “‘Iden- 
tification of Minerals in Clays by X-Ray Diffraction,” 
Z. Krist., 96, 322-24 (1937); Ceram. Abs., 17 [1] 37 (1988). 
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from Spokane, Washington (column (5), Table II and 
column (6), Table IV) that, on the basis of optical 
data alone, it can not be distinguished from such 
beidellites. This illite, however, has considerably less 
Fe,O; than beidellites with similar indices ‘of refraction. 
The optical data fall intermediate between those of 
beidellite with a similar iron content and those of other 
illites which have been studied. 

The indices of refraction in Table II were made by 
using liquids, which are mixtures of medium govern- 
ment oil 1.466) and monochlor- 
naphthalene (CjH;Cl; » = 1.633). It has been shown® 
recently that the indices of refraction of some clay 
minerals vary for different immersion liquids. In a 
mixture of quinoline and glycerine, the index of ‘re- 
fraction (7) of the illite from the green clay is 1.585. 
In mixtures of iodobenzine and bromobenzine, no 
change of indices of refraction was found. These data 
agree with van Baren’s conclusion™ that liquids with 
the (NH:) group exert a strong influence on indices of 
refraction of certain clay minerals. Recent research*® 
has also shown that the indices of refraction of some of 
these minerals vary when they are heated to relatively 
low temperatures. The index of refraction (y) of the 
illite considered here is about 1.620 when heated to 
190°C. 


(2) X-Ray Data* 

Diffraction data were obtained for oriented flakes™ in 
addition to the conventional powder-diffraction diagrams. 
Both CuKa and FeKa radiations have been employed. 
Table III presents a comparison of the diffraction data 
for typical illite (column (2), Table II) and the illite 
from the Goose Lake clay, together with the correspond- 
ing Miller indices and calculated structural factors for 
muscovite. These data indicate that this illite pos- 
sesses the general structural features of muscovite 
mica and that the mineral is closely similar to the illite 
group of this type of mica. The analogy between the 
illite group and muscovite is perhaps most readily seen 
if the formula is written as (K Al -Si),4(Mg3-Fe2-Al:)Ow- 
(OH): compared to muscovite, which is (KAISi,;)- 
Al,Ow(OH)>. It is recognized that the existence of 
base-exchange capacity by illite might be taken to 
indicate that a minor portion of the magnesium re- 
places aluminum atom for atom rather than brucite for 
hydrargillite, as assumed. In fact, such a replacement 
is assumed in Table V, p. 160. Analytical data on 
natural silicates are never precise enough to permit 
actual proof of such refined inferences from individual 
specimens. 


5J. J. Glass, “Standardization of Index Liquids,” 
Amer. Mineralogist, 19, 459-65 (1934); Ceram. Abs., 15 
[5] 161 (1936). 


* (a) C. W. Correns and M. Mehmel, “Optical and X- 
Ray Identification of Kaolinite, Halloysite, and Mont- 
morillonite,” Z. Krist., 94 [5] 337-48 (1936); Ceram. Abs., 
16 [1] 38 (1937). 

(6) F. A. van Baren, ‘Influence of Different Liquids on 
Refractive Index of Clay Minerals,” Z. Krist., 95, 464-69 
(1936); Ceram. Abs., 16 [8] 257 (1937). 

* Diffraction patterns were obtained in the Chemical 
Laboratory, University of Illinois, through the codépera- 
tion of G. L. Clark. 
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In addition to the lines discernible on powder-diffrac- 
tion patterns, fiber diagrams of the illite from the 
Goose Lake clay show four diffuse areas of scattering 
on the 02/ and 11/ row line corresponding to atwut 
3.94 and 3.14. Itis quite possible that these are the 
resultants of unresolved lines at 4.11 and 3.72A and at 
3.20 and 2.98 A, respectively, which are observed fully 
resolved for muscovite and for several other illites. 
The diffuse nature of all reflections, where / is large 
compared with h and k, indicates either that the parti- 
cles are very thin or that the unit cells are irregular in 
height. It is likely that both factors are operative. 
Irradiation of moist and dry oriented flakes indicates 
that the height of the unit cell does not vary with the 
water content. The unit-cell height is found to be 
perceptibly shorter than for muscovite. There is some 
indication that this shortening is accompanied by in- 
creased intensity of the 00.12 reflection. Unfortu- 
nately the diffuse nature of this line and of 2010 does 
not permit distinction between them even on fiber 
diagrams. 


(3) Chemical Data 

The chemical composition of the illite from the 
Goose Lake clay (columns (1) and (2), Table IV) is 
sufficiently similar to that of other illites (columns (3) 
and (4)) to indicate that chemically it is a member of 
the illite group. This illite contains more water, which 
is lost at a low temperature (H,O—), and slightly less 
K,O than the other illites which were studied. It is 
notably different from montmorillonite and beidellite, 
particularly in the alkali and alkali-earth contents. 


Taste III 
X-Ray Dirrraction Data 
Illite (from 
Illite Goose Lake clay) 
Indices F for 1 mol.* (typical) —0.2 w 
for calculated for ——~- rn 
muscovite MoKa d It d It 
002 15 9.98 s 9.9 m 
004 ial 26 4.97 w 4.95 ww 
110, 111 40 4.47 s 4.47 s 
022 & 4.11 ww 
\s 9 Very diffuse 
023 21 3.7 ww 
114 38 3.4 ww 3.4 ?? 
006 40 3.31 m 3.29 w 
114 38 3.2 ww 
Is 1 Very diffuse 

025 35 2.98 w 
115 29 2.84 ww 
131, 202 90 2.56 s 2.56 s 
133 25 2.44 w 2.44 ww 
204, 133 95 2.38 m 2.38 m 
221 20 2.24 m 2.2 ww 
223 34 2.18 w 
135, 136 65 2.11 w 2.1 ww 
00.10 57 1.98 m 1.98 m 
2010 56 165 w 1.65 w 
312, 00.12 27 1.64 m 1.64 w 
060, 331 130 1.50 s 1.50 s 
20.12, 13.12 1.34 ww 1.34 ww 
400, 068,339 100 1.29 m 1.29 m 

264 60 1.24 w 1.24 ww 


* W. W. Jackson and J. West, “Crystal Structure of 
Muscovite Z. Krist., 76 (3) 211- 
27 (1930); Ceram. Abs., 10 [4] 297 (1931). 

ts = strong, m = medium, w = weak, ww = very weak. 
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TABLE IV 
CHEMICAL ANALYSES 


Illite (colloid fraction) 


(DA (2)B (3) (fine) 
SiO, 52.79 50.77 50.10 
Al,O; 24.99 24.42 25.12 
Fe,O; 4.68 4.21 5.12 
FeO 1.10 1.69 1.52 
MgO 2.70 3.93 
CaO 0.09 0.47 0.35 
Na,O 0.20 0.17 0.05 
K,O 5.86 5.65 6.93 
TiO, 0.50 
Ignition loss 7.14 10.05 6.82 
Total 99.55 100.20 100.44 
H,O+ 6.83 8.32 7.18 
H,O— 5.56 3.11 1.90 
SiO,/Al,O; 3.62 3.54 3.39 
Si0./R:O; 3.21 3.19 3.00 


Beidellite Montmoril- 
lonite 
(4) (fine) (5) (6) (iron-rich) (7) 
51.22 47.56 46 .06 48.60 
25.91 20. 57 12.22 20.03 
4.59 8.58 18.54 1.25 
1.70 0.28 
2.84 0.80 1.62 5.24 
0.16 2.52 1.66 1.72 
0.17 1.28 
6.09 Tr 
0.53 0.84 
7.49 
100.70 
3-01} 17.26 21.52 
3.36 3.43 6.40 4.11 
3.02 3.10 3.25 3.95 


Columns (1) and (2), Goose Lake area, Ill. (analyzed under supervision of O. W. Rees, Illinois State Geological Survey) ; 
column (3), Calhoun County, Ill., and column (4), Vermilion County, Ill. (R. E. Grim, R. H. Bray, and W. F. Bradley, 


“Mica in Argi 


s Sediments,” Amer. Mineralogist, 22 [7] 813-29 (1937); p. 823; Ceram. Abs., 17 [4] 157 (1938)); 


column (5), Beidell, Colo. (E. S. Larsen and E. T. Wherry, Jour. Wash. Acad. Sci., 7, 208-17 (1917)); column (6), 
Spokane, Wash. (C. S. Ross and E. V. Shannon, ‘‘Minerals of Bentonite and Related Clays and Their Physical Prop- 
erties,”” Jour. Amer. Ceram. Soc., 9 [2| 77-96 (1926); p. 94); column (7), Montmorillon, France (ibid., p. 90). 


V. Relation between Chemical and X-Ray 
Diffraction Data for Illite 


On the basis of the present limited data, few general- 
izations on clay mineralogy can be actually substan- 
tiated. Some concepts, however, are strongly indi- 
cated. Investigators in general agree that there is a 
large number of natural layer silicates in which the 
fundamental structural unit is an octahedral layer of 
6-coérdinated ions bound through oxygen, both above 
and below, to layers of 4-coérdinated ions, each tet- 
rahedrally surrounded by oxygen ions. Among the 
minerals which appear to be minor variations of this 
general scheme are the micas, the chlorites, pyro- 
phyllite, talc, and numerous clay minerals, including 
certainly illite and montmorillonite and probably 
beidellite and nontronite. 

For the macrocrystalline micas, it is demonstrated 
that the triple layers described are charged, due to the 
substitution of Al+*+* for Sit*+** in 4-codrdinated 
positions, and these charged triple layers are held to- 
gether through K* or other ions. In muscovite, the 
ratio of Sit*+*+* to Al*+** in the tetrahedral positions 
is 3. Such micas have a negative charge of 2 per unit 
cell (equivalent to 2K*) per triple layer and build 
large, rigid crystals. In the illites, this substitution of 
Al*+++ for Sit*+** is less extensive; the resultant 
charge amounts only to about 1 or 1.5 per cell per layer 
with commensurate alkali content; the layers are thus 
less firmly bound, and the illites occur only in micro- 
scopic or submicroscopic crystals. In montmorillo- 
nite, substitution of Al+*+* for Si+*** is still less im- 
portant, the ratio as given previously becoming perhaps 
as great as 20o0r 30. Other charges on the layers, how- 
ever, arise from the substitution of Mg** for Al*** in 
octahedral positions, such that again the charge per unit 
cell per triple layer approaches one. For example, an ex- 
change capacity of 100 me. per 100 grams is equivalent 
to a charge of 0.8 per unit cell per triplelayer. The bulk 
of these charges, however, arises in the middle of a 9 A 


unit of layers of packed oxygen ions and can not be so 
closely approached by alkalis as in the micas, where the 
charges arise in the outer layers of the unit. This 
factor of distance presumably governs the exchange- 
ability of the alkalis concerned. Such a concept is in 


TABLE V 


CALCULATED NUMBERS OF VARIOUS IONS PRESENT IN ONE 
TripLe Laver or Cross SECTION 


Mica 
Illite clay 
eral 
(1) (2) (3) (4) 
Nonex- Kt 0.99 1.21 1.04 1.13 
changeable Na* 0.04 0.01 0.04 0.14 
alkalis oo 0.07* 0.05 0.02 0.08 
1.17 1.323 1.13 1.4 
Tetrahedral Si**** 6.99 6.80 6.86 6.60 
layers dat 1.01 1.20 1.14 1.40 
8.00 8.00 8.00 8.00 
Ai+*+* 2.95 2.79 2.94 3.68 
0.44 0.52 0.46 
Fe+*+ X 0.13 0.11 0.13 
Octahedralt Mg** X ?#/; 0.17 0.42 0.19 0.16 
layer Mg*t* = ex- 
change ca- 
pacity 0.31 0.16 0.28 0.16 
4.00 4.00 4.00 4.00 
Base-exchange 
capacity 0.31 0.16 0.28 0.16 


Column (1), see Table IV, column (2), Goose Lake, IIL; 
column (2), see Table IV, column (3), Calhoun County, 
Ill.; column (3), see Table IV, column (4), Vermilion 
County, Ill.; column (4), mica-clay mineral taken from E. 
Maegdefrau and U. Hofmann and modified to compare 
with the other samples (see ‘‘Micalike Minerals as Clay 
Substances,” Z. Krist., 98, 31-59 (1937); Ceram. Abs., 
17 [8] 289 (1938)). 

* Probably due to incomplete removal of gypsum. 

t Values are reduced to the equivalent number of tri- 
valent ions, except that sufficient divalent Mg** ions to 
balance the exchange capacity are included as such. 
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accord with the occurrence of montmorillonite in ex- 
tremely fine particles, with its ability to add water 
between the triple layers, forming hydrates, and with 
its capacity to exchange bases. 

In the case of the illite described here, the ratio of 
Si*+*** to tetrahedral Al*** is approximately 7, the 
charge per unit cell per triple layer is approximately 1, 
and it occurs in particles remarkably smaller than 
those of other illites encountered to date. 
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TEMPERATURE C. 


Fic. 2.—Dehydration curves: curve (1), illite, Goose 
Lake clay; curve (2), illite, Maquoketa shale, Calhoun 
County, Ill. 


Table V lists the proportions of various metal ions 
reduced to terms of ions per triple layer per unit cell 
for several illites which have been described. No 
attempt has been made to standardize the water con- 
tent. In Table V, sufficient Mg** positions are as- 
sumed to be vacant to give rise to a negative charge on 
the octahedral layer equivalent to the measured base- 
exchange capacity. No justification can be made for 
this assumption other than that it improves the agree- 
ment with electrical neutrality. 


(1) Dehydration Data 


The dehydration characteristics of the illite in par- 
ticles of 0.2 » to 0.05 w are given in Fig. 2 (curve 1); 
curve 2 (Fig. 2) presents similar data for another illite 
in particles of the same size. This illite differs from 
other illites which have been studied in that it contains 
more adsorbed water and loses the water of constitu- 
tion at lower temperatures. Comparisons with pub- 
lished data for other clay minerals are of little value 
because the particle size is not known in most cases, 
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and recent research’ has shown that dehydration char- 
acteristics are related to particle size. 


(2) Base-Exchange Properties 

Base-exchange capacity values for the illite in the 
Goose Lake clay, determined by the ammonium-acetate 
method, together with values for other clay minerals 
are given in Table VI. The values for this illite are 
equal to or slightly higher than the maximum values 
which have been obtained for other illites. 


VI 


Bass-EXcCHANGE CAPACITY 
Illite 


loid 
frac- Mont- 
tion moril- Kao- 
B lonite linite 
(1) (2) (3) (4) (5) 
Inorganic base-ex- 

change capacity 

(me./100 g.) 35 38 


20-35 60-100 3-15 


Columns (1) and (2), Goose Lake area, Ill.; column (3), 
R. E. Grim, R. H, Bray, and W. F. Bradley,columns (4) 
and (5), K. Endell, U. Hofmann, and E. Maegdefrau, ‘‘Na- 
ture of Clayey Raw Materials Used in German Cement 
Industry,’’ Zement, 24 [40] 625-32 (1935); Ceram. Abs., 
15 [11] 346 (1936). 


(3) Summary of Analytical Data 

The X-ray and chemical data indicate definitely 
that the clay mineral of the Goose Lake green clay is a 
member of the illite group. All of the analytical data 
show distinctive variations from those obtained pre- 
viously*® for other members of this group of clay min- 
erals. These findings support the conclusion reached 
in the earlier paper that the attributes of the micalike- 
clay mineral in argillaceous sediments vary consider 
ably in different sediments. Until further examples 
of the mineral are studied and the limits of variations 
known, it is not desirable to attempt to limit definite 
subdivisions of the illite group or to apply specific 
names to members of the group. 


Vi. Origin 

The clay under consideration is a sedimentary deposit 
of Pennsylvanian age. The material is clearly an 
underclay differing from other underclays only be- 
cause of the presence of a unique member of the illite 
clay-minerai group. The Pennsylvanian age is indi 
cated as follows: (1) by the character of the clay which 
is similar to that of other underclays, (2) by the fact 
that the heavy minerals of the clay are like those of 
other underclays, and (3) by the relation of the clay 


7 W. P. Kelley, H. Jenny, and S. M. Brown, ‘“Hydra- 
tion of Minerals and Soil Colloids in Relation to Crystal 
Structure,’’ Soil Sci., 41 [4] 259-74 (1936); Ceram. Abs., 
15 [9] 285 (1936). 

®§ R. E. Grim, R. H. Bray, and W. F. Bradley, “Mica in 
Argillaceous Sediments,” Amer. Mineralogist, 22 [7] 813- 
29 (1937); Ceram. Abs., 17 [4] 157 (1938). 
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to other Pennsylvanian beds exposed (see Section II, 
Occurrence and Character). The clay possesses the 
large number of slickensided-fracture surfaces, char- 
acteristic of the underclays in Illinois. 


Fic. 3.—Photomicrograph of thin section of green 
Goose Lake clay (‘“Grundite’’) showing characteristic 
texture; (A) streaks of relatively uniformly oriented 
particles of illite; the matrix is composed of illite particles 
in random orientation; 400. 


The source of this clay, like that of the other under- 
clays of the Pennsylvanian, is believed to be some- 
what weathered surface material from the area in- 
closing the region of accumulation. No evidence has 
been found to indicate that the clay was not deposited 
as an illite clay, i.e., that the present clay has derived 
its constitution and properties by weathering or by 
some other secondary process. Other underclays in 
Illinois are made up of illite, but the illite in all other 
underclays which have been studied to date is different 
from that in the Goose Lake clay, and, as a consequence, 
the physical properties are different. The explanation 
of the unique composition and character of this clay is 
not clear. 


Vil. Nonbentonitic Classification of the Clay 


Because the green clay in the Goose Lake area has 
proved to be a satisfactory substitute for bentonite in 
many industrial uses, the facts should be considered 
which prove that it is not a bentonite and can not be so 
classified. : 

The term “‘bentonite’’ was first used by Knight® for 
an unusual clay occurring near Rock Springs, Wyo- 
ming. Hewitt'® showed that the clay designated as 


*W. C. Knight, ‘““Bentonite,’’ Eng. Mining Jour., 66, 
491 (1898). 

”D. F. Hewitt, “Origin of Bentonite and Geologic 
Range of Related Materials in the Bighorn Basin, Wyo.,”’ 
Jour. Wash. Acad. Sci., 17, 196-98 (1917). 


bentonite by Knight had been formed as an alteration 
product of volcanic ash. In recent years, clays called 
bentonite have been reported from almost every state. 
In 1926, following a detailed study of material classed 
as bentonite prior to this date, Ross and Shannon" 
showed that the following definition was warranted: 
“Bentonite is a rock composed essentially of a crystal- 
line claylike mineral formed by devitrification and the 
accompanying chemical alteration of a glassy igneous 
material, usually a tuff or volcanic ash. It is advisable 
to restrict the rock name, bentonite, to a material de- 
rived from volcanic ash, as the inherited structure 
seems to have almost as great an influence on the 
physical properties as the mineral composition. The 
characteristic claylike mineral has a micaceous habit 
and facile cleavage, high birefringence, and a texture 
inherited from volcanic tuff or ash, and it is usually the 
mineral, montmorillonite, but less often, beidellite.”’ 


Fic. 4.—Photomicrograph of thin section of bentonite 
showing relict structures; (A) fragments of volcanic glass 
partially altered; 400. 


In 1937, after further study, the Committee on 
Sedimentation of the National Research Council” 
suggested the following definition of bentonite which is 
essentially the same as that of Ross and Shannon: 
“Bentonite is a clay formed from the decomposition of 
volcanic ash and is largely composed of the clay min- 
erals, montmorillonite and beidellite. The rock must 
be produced by decomposition of volcanic ash and not 
from the decomposition of other substances. The 
color range is from white to light green and light blue 


11 C.S. Ross and E, V. Shannon, ‘‘Minerals of Bentonite 
and Related Clays and Their Physical Properties,’”’ Jour. 
Amer. Ceram. Soc., 9 [2] 77-96 (1926). 

12 W. H. Twenhofel, ‘‘Terminology of Fine-Grained Me- 
chanical Sediments,” Rept. Comm. on Sedimentation, 
National Research Council, 1937. 


| 
| 


Unique Clay from Goose Lake, Illinois, Area 


163 


VII 
BONDING PROPERTIES OF GRUNDITE 
Sand “Grundite”’ Water Green Dry Perme- Flow- 
(%) (%) (%) strength strength ability ability 
OF 6 2.0. 6.0 15.5 610 88 
88 12 2.4 15.0 21.0 480 78 


when fresh. On exposure, the color frequently be- 
comes a light cream and gradually changes to yellow 
and in some cases to red or brown.” This definition 
of bentonite has been accepted generally. 

Clays produced by the alteration of volcanic ash 
can be detected by their structure and composition. 
The structure of the clay is inherited from the volcanic 
tuff or ash. Pirsson'® has described the structures of 
tuff and ash, and these structures are preserved in the 
clay, although the material composing the tuff has been 
altered to clay. Ross’ has shown that such glass 
relict structures are characteristic of bentonites and 
“that these structural forms may be distorted, but they 
are rarely completely obliterated, and even meta- 
morphosed bentonites have a heterogeneity that can 
not be ascribed to sedimentary processes but is due to 
modified glass relict structure.” 

The accessory nonclay-mineral constituents of ben- 
tonites are characteristic. They are partially altered 
fragments of glass and minerals, originally phenocrysts 
in the volcanic glass, such as feldspar (commonly 
orthoclase and oligoclase), biotite, pyroxene, quartz, 
amphibole, and other minerals typical of volcanic 
rocks. 

The clay under consideration does not contain an 
assemblage of nonclay minerals like that found in 
bentonites. Furthermore, as shown in Figs. 3 and 4, 
the texture of the green Goose Lake clay is unlike that 
characteristic of bentonite. The Goose Lake clay 
contains no structures even remotely resembling the 
glass relict structures characteristic of bentonites. 
On the basis of the structure and nonclay-mineral con- 
stitution, the material, therefore, is not a bentonite. 

All recent work on bentonites has substantiated the 
work of Ross and Shannon," indicating that the clay- 
mineral constituent of bentonite is montmorillonite or 
less often beidellite. The analytical data presented 
here prove that the green Goose Lake clay is composed 
of a member of the illite clay-mineral group and not of 
montmorillonite or beidellite. On the basis of clay- 
mineral composition, therefore, the clay is not a ben- 
tonite. Structure, nonclay-mineral constitution, and 
clay-mineral constitution all definitely prove that this 
clay can not be classed as a bentonite. 


Vill. Physical Properties* 
A distinctive feature of the clay is that it possesses 
physical properties notably different from those of other 


13L. V. Pirsson, ‘‘Microscopical Character of Volcanic 
Tuffs, a Study for Students,” Amer. Jour. Sci. [4th Series], 
40, 191-211 (1915). 

S. Ross, “Altered Paleozoic Volcanic Material and 
Their Recognition,”” Bull. Amer. Assoc. Petroleum Geol., 12, 
143-64 (1928). 

* The authors wish to acknowledge their indebtedness 
to J. L. Essex, Chief Engineer, Illinois Clay Products Co., 
Joliet, Ill., for data concerning the physical properties. 


clays composed of the same clay mineral, i.¢., illite, 
which have been studied. The clay, as mined, ground, 
and dried, possesses unique properties which cause its 
extensive use in certain major industries for rebonding 
foundry-molding sand, for oil-well drilling muds, for 
setting casing in oil wells, for refining mineral and edible 
oils, and for making special adhesive. Other promising 
potential uses for the clay are being explored. 


(1) Rebonding of Foundry-Molding Sands 

“Grundite”’ is highly plastic; it has a sintering point 
of 2100°F, a fusion point of 2550°F, and an A.F.A. 
clay content of 90.5%; it spreads evenly over the sand 
grains, it has an affinity for water, and it requires a 
relatively small amount of tempering water (the sand 
therefore may be worked fairly dry). 

Table VII shows the bonding effect of “Grundite” 
with No. 2 Ottawa silica sand (washed and dried). 
There is little difference in strength when No. 50 sand 
is used, but the permeability is lower, owing to a more 
compact mold. 


(2) Oil-Well Drilling 

The Goose Lake clay is sold to the rotary oil-well 
trade under the trade name of “NaClay.” When 
suspended in water in proper concentration, the mud 
fluid formed has the characteristics given in Table VIII. 


TABLE VIII 
DRILLING Mup CHARACTERISTICS 


Mud weight (Ib./gal.) 10.0-10.3 
Hydrostatic head (Ib./sq. in./100-ft. column) 52 
Viscosity (sec. Marsh funnel for 1500 cc. in 


and 1000 cc. out) 38-45 
5-ft. set 2-4 
Gel strength (sec. Marsh funnel) { 10-t. set 6-8 
Sand content Ni 
Suspendability (% free water operated in 24 
hr.) <2% 
pu value 3.9-5.8 
Filter cake (in. thick) 3/1" / 
Filter rate (30 min.) <1 pint/- 
sq. ft. wall 
area 


With these properties, the mud fluid will properly 
float out the sand and cuttings, build a good impervious 
wall, and prevent blowouts and heaving of shale, 
which are essential functions of a good mud fluid. 


(3) Oil-Decolorizing Ability 

The data in Table [IX show that the clay possesses 
high bleaching ability and that this property can be 
augmented by acid activation. The water-white 
bleach, up to the first appearance of green, is only 
slightly below that of the well-known Floridin-Atta- 
pulgus clay and considerably above some fuller’s 
earths. The color separation of the Goose Lake clay 
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TABLE IX 
BLEACHING DETERMINATIONS* 
Natural clay Acid-treated 

Clay Green Yellow Red Blue Green Yellow Red Blue 
“Grundite” 0.9 1.0 1.0 1.0 1.0 1.6 1.9 2.0 
Fuller's earth 
Floridin Fi 1.2 1.4 1.6 0.9 23 1.2 1.4 
Porter’s Creek 0.7 0.9 1.0 Bh 0.9 1.3 1.4 1.5 
English XL 1.2 1.3 1.3 1.3 2.0 3.7 3.9 4.1 


* Determination on “Grundite” by P. G. Nutting (courtesy of O. L. Jones, president, Illinois Clay Products Co.); 


determination of re 


ining samples from P. G. Nutting, ‘Technical Basis of Bleaching-Clay Industry,” Bull. Amer. 


Assoc. Petroleum Geol., 19, 1051 1935). The “bleach rating” is the ratio of the volume of filtered oil to the clay filter- 
ing it; thus 1 unit volume of “Grundite” decolorized 0.9 unit of water-white oil, 1 unit of yellow oil, etc. 


is small, a character which would make it particularly 
adapted to bleaching animal and vegetable oils. 

As a refining clay for vegetable or edible oils, ““Grun- 
dite” possesses greater efficiency than the American 
Oil Chemists’ Association’s Standard Excell clay and 
substantially equal efficiency to a special grade of 
Texas earth, used by the major packing companies. 
The oil retention of “Grundite’’ is considerably less 
than either of these clays, and no acidity or rancidity 
is imparted either to the tested cottonseed or soy-bean 
oils. 


(4) Silicate-Clay Adhesives 

Because *‘Grundite”’ can be finely ground, has a low 
moisture content, low lime and iron contents, and an 
ignition loss of less than 14%, it mixes well with sodium 
silicates as an adhesive for fiberboard manufacture. 
In a 30° Bé silicate, only 18% of the clay is required to 
give a stable adhesive that spreads readily, sets up in a 
few seconds, and does not stain or strike through the 
paper. In a 38° Bé silicate, only 21% of clay is re- 


quired for a similar purpose. The quantity of clay 
may be reduced and the stability of the adhesive may 


be enhanced by finer grinding. 


(5) Miscellaneous Properties and Potential Uses 


Additional properties of the green Goose Lake clay 
are given in Table X. 


TABLE X 
Specific gravity 2.55 
Weight /ft.? 200-mesh (Ib.) 63 
Weight/ft.* 60- -100-mesh (Ib.) 71 


The unique properties of ““Grundite’’ have projected 
the following potential uses: (1) as a colloidal sus- 
pending agent in de-inking newsprint paper, (2) as an 
emulsifying clay for emulsifying heavy oils and as- 
phalts, (3) as a substitute for dolomite in coating pig- 
iron molds, and (4) as a binder in insulation mixtures 


or cements. 
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THE SEMIDIRECT DETERMINATION OF POTASSIUM OXIDE IN FELDSPARS* 


By E. W. Koenic 


ABSTRACT 
A method for the evaluation of potassium oxide in feldspars, without the necessity 
of first removing the constituents which usually interfere with this determination, is 
described. The procedure is based upon a decomposition with HF—HCI1Q,, followed by 
the separation of potassium as the double salt ((K, Na);Co(NO,)s-xH,O), with a final 


conversion to KCIO, in the usual manner. 


Analytical data are given to indicate the 


relative precision and accuracy of the method compared with procedures in use at the 
present time. The application of the proposed method to the analyses of other silicates 


is mentioned briefly. 


1. Introduction 


In a previous paper describing the direct determina- 
tion of sodium oxide in feldspar,' a reference was made 
to a method based upon an analogous decomposition 


* Presented at the Forty-First Annual Meeting, Ameri- 
can Ceramic Society, Chicago, Ill., April 20, 1939 (Round 
Table Discussion of Methods of Analysis of Silicates and 


Silicate Products). Received January 9, 1939. 
1E. W. Koenig, “Direct Determination of Sodium 


Oxide in Feldspar,’’ Jour. Amer. Ceram. Soc., 22 [1] 24-31 
(1939). 


of the sample for the evaluation of potassium oxide in 
the same material. This procedure is described in the 
present paper. 

As in the case of the sodium-oxide determination, 
a direct or semidirect method for the determination of 
potassium oxide has been needed. Methods which 
depend upon a progressive removal of the so-called 
“interfering constituents” to obtain the end product 
are less efficient than those which, in one operation, 
remove the required salt from the bulk of the undesired 


elements. 


H 
{ 
| 

| 
| 
} 
i 


Semidirect Determination of Potassium Oxide in Feldspars 


A review of the literature shows that much effort has 
been expended toward a solution of this problem. The 
recent activity in the use of organic reagents in analyti- 
cal chemistry as a whole has been felt in this particular 
instance, but no universally successful procedure has 
been evolved. The use of picric acid* as ‘a precipitant 
for potassium appeared to have possibilities, but the 
necessity for first converting the alkali metals to 
chlorides and the relatively high solubility of potassium 
picrate in most wash solutions have precluded its use 
in all except a few isolated cases; 2-chloro-3-nitro- 
toluene-5-sulphonic acid® is more or less specific for 
potassium, but the interference of the alkaline earths 
with this determination prevents its use in this in- 
stance. Winkel and Maas‘ have used dipicrylamine 
for the direct determination of potassium in fertilizers. 
Unfortunately, aluminum (and possibly iron and 
tatanium) forms a complex with the reagent,’ making 
the use of this reaction impractical in the present appli- 
cation. 

The separation of potassium as the double salt of 
potassium-sodium-cobaltinitrite has received much 
attention. The composition of this salt is most often 
given as K,NaCo(NO,).-xH,O, but the use of the 
empirical factor has proved unsatisfactory except over 
a short range, regardless of the conditions under which 
the potassium is precipitated. 

Working under closely controlled precipitation con- 
ditions, Piper* found that the percentage of potassium 
in the salt varied directly as the percentage of potassium 
in the sample under analysis. In a series of trials, he 
found that the precipitation of 1 mg. of potassium oxide 
resulted in the formula, Ky.sNas.Co(NO:)s, when 
water of hydration was not considered, and that 93 
mg. of potassium oxide were necessary before the em- 
pirical formula would become valid. Sunawala and 
Kushnaswami’ noted the same trend, but. they at- 
tributed the difference in composition to a progressive 
change in the amount of water of hydration. Lohse* 
also found that the composition of the precipitate 
varied with the potassium content of the sample under 
examination. These findings were confirmed in the 
author's laboratory during an investigation of the 


2 E. R. Caley, “Rapid Colorimetric Estimation of Potas- 
sium,” Jour. Amer. Chem. Soc., 53 [2] 539-45(1931); 
Ceram. Abs., 10 [11] 808 (1931). 

* V. H. Dermer and O. C. Dermer, Jr., “Organic Precipi- 
tants for Potassium: I, 2-Chloro-3-Nitrotoluene-5-Sul- 
phonic Acid and Related Derivatives,” Jour. Amer. Chem. 
Soc., 60, 1-3(1938). 

* A. Winkel and H. Maas, ‘Determination of Potassium 
with Dipicrylamine,” Angew. Chem., 49 [46] 827-30(1936). 

5 Unpublished results of the author. 

*C. S. Piper, ‘‘Determination of Sodium and Potas- 
sium,” Jour. Proc Australian Chem. Inst., 4 [1] 18-26(1937). 

7S. D. Sunawala and K. R. Kushnaswami, “Estimation 
of Potassium with Cobaltinitrite,”” Jour. Indian Inst. Sct., 
17A, 105-12(1934). 

8 H. W. Lohse, ‘Determining Small Amounts of Potas- 
sium by Means of Sodium Cobaltinitrite,” Ind. Eng. Chem.. 
7 [4] 272-73(1935); Ceram. Abs., 14 260 
(1935). 

* L. V. Wilcox, ‘Determination of Potassium by Means 
of an Aqueous Solution of Trisodium Cobaltinitrite in 
Presence of Nitric Acid,” Ind. Eng. Chem., Anal. Ed., 9 
[3] 186-38(1937); Ceram. Abs., 16 fo) 188(1937) 
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possibilities of a method devised by Wilcox*® to 
determine small amounts of potassium in plant ash. 
Although Wilcox presented data which indicated good 
precision with samples containing 5 mg. of potassium, 
trials (under the conditions of precipitation defined 
by Wilcox) in the author’s laboratory showed that 
the empirical formula was not valid in the range of 10 
to 70 mg. of K,O. The sodium-potassium-cobalti- 
nitrite to potassium-oxide ratio varied in the order of 
the potassium-oxide content of the sample, but no 
smooth curves could be derived. 

Efforts have been made to give the compound the 
necessary stability by the substitution of silver” or 
lead" for sodium, but these modifications have not 
proved to be particularly satisfactory. 

Despite the difficulty to obtain a precipitate of 
stoichiometric composition by the sodium-cobalti- 
nitrite reaction, the use of this reagent possesses the 
definite advantage over other specific reagents for 
potassium in that apparently none of the constituents 
present in feldspar interfere with the complete removal 
of potassium from a solution of the material in question, 
nor do any of the constituents, other than the alkalis, 
form compounds with the reagent. 

In the analyses of fertilizers containing sulfates, 
phosphates, and ammonium salts, Krugel and Ritter’? 
have made a preliminary precipitation of potassium as 
sodium-potassium-cobaltinitrite of indefinite composi- 
tion, converting this admixture to perchlorates by 
evaporation with HCIO, and extracting the sodium and 
cobalt perchlorates with absolute alcohol. The potas- 
sium is finally weighed as potassium perchlorate. 
Their data indicate that the potassium is quantitatively 
precipitated, regardless of the composition of the 
cobaltinitrite residue. A similar method, which was 
applied after the removal of silica, alumina, and the 
greater portion of calcia by the J. Lawrence Smith 
method, has been advocated by Miller and Traves."* 

It was previously known that the silicate, feldspar, 
was completely soluble in HF, HF-H;SO,, and HF- 
HC1O, mixtures and that the perchloric acid salts of 
the elements present were all water-soluble. From 
these data, the procedure to be described was finally 
evolved. 

Two modifications of the basic procedure are offered. 
The first, designated as the “filtration method,” re- 
quires several filtrations and transfers of residues and 
solutions. A more convenient method (the “centrifuge 
method"), which allows the final determination of 
potassium as perchlorate to be made in the container 
used for the initial decomposition without any 


1” A. M. Ismail and H. F. Harwood, “‘ Determination of 
Potassium as Potassium Silver Cobaltinitrite,’’ Analyst, 
62 [735] 443-52(1937); Ceram. Abs., 17 [1] 43(1938) 

1G. V. Tananoiyes, ‘‘Determining Potassium in Sili- 
cates with a Cobaltinitrite Complex Containing Silver 
(Lead),” Trans. Ukrain. Sci. Research Inst. Bldg. Materials 
{U.S.S.R.], 10 pp. (1931); Ceram. Abs., 14 [5] 126 (1935). 

12C. Krugel and A. Ritter, ‘Determination of Potas- 
sium in Fertilizers Containing Sulfates,” Z. Anal. Chem., 
69, 314—19(1934). 

18 Christina Miller and Florence Traves, ‘Determination 
of Sodium and Potassium in Insoluble Silicates,"’ Jour. 
Chem. Soc. [London], 9, 1390-04(1936). 
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intervening filtrations or transfers, is also given. Both 
modifications are described in detail. 
Reagents 
48% hydrofluoric acid: c.P. reagent satisfactory. 
5% calcium nitrate: Sufficient c.p. CaCO; dissolved in 
or oN to give a final 5% concentration in terms of 
2- 
Trisodium cobaltinitrite: Dry c.p. reagent used. 
Perchloric acid: 72% c.p. reagent satisfactory. 
Absolute alcohol: U.S.P. grade of 200-proof alcohol is 
— for use without prior saturation with KCIO, and 
4 
Equipment for Methods (1) and (2) 
(1) Filtration Method 
Platinum dishes: Payne-type dishes are particularly satis- 
factory for initial evaporation. 
Filtering crucibles: Jena BG4 crucibles retain either 
cobaltinitrite or perchlorate residue. 


(2) Centrifuge Method 


Platinum beakers: 90% platinum, 10% iridium beakers 
have necessary stability, both to low temperatures (in this 
procedure) and to physical shock; a convenient size (35 
mm. in diameter and 40 mm. high) holds approximately 
40 ml. 

Centrifuge: 8- or 12-head centrifuge* has proved to be 
satisfactory because (a) carrier cups accommodate 
beaker; (6) speed (1150 r.p.m.) is high enough to 
induce complete and rapid sedimentation, and exact 
balance between opposing weights is not necessary; and 
(c) equipment is inexpensive. 

Capillary pipettes: Finely drawn capillary connected to 
vacuum line through trap removes supernatant alcoholic 
solutions without disturbing residues. 


* Sold under name of “Babcock Milk Tester.”’ 
il. Procedure 


(1) Filtration Method 

The dried (105°C) and finely ground (—200-mesh) 
sample of 500 mg. is transferred to a 75-ml. platinum 
dish, moistened with 1 ml. of HCIO, and 15 ml. of HF, 
and evaporated to incipient dryness over water. The 
dish is transferred to a hot plate and is heated to com- 
plete expulsion of fumes; the residue is moistened with 
HC10,, and the free acid again is expelled. 

The residue, moistened with Ca(NOs;)2 solution and 
evaporated to dryness," is taken up in a minimum of 
boiling water and transferred to a 30-ml. beaker. If 
the solution shows a slight opalescence, it may be re- 
moved by the addition of not more than 2 drops of 
HNOs. 

The volume is adjusted to 15 ml., and the solution 
is cooled to approximately 15°C; one gram of tri- 
sodium cobaltinitrite is added, and the solution is 
stirred. The solution is then digested at 15°C for 15 
minutes and is filtered through an untared Jena BG4 
crucible, the beaker being policed, and the residue is 
washed once with cold water. The filtrate is discarded. 


14 A suggestion of T. C. Carson, Jr.; the reagent serves 
a dual purpose: (1) it decomposes any cryolite compound 
of the general formula, NaAIF, + 2Ca(NO;)2 = 2CaF; + 
NaNO; + AIl(NOs)3, and (2) the free nitric acid converts 
any Al,O;, formed by heating aluminum perchlorate in 
platinum, 4Al(C1O,); = 2Al,0; + + 2102, to alumi- 
num nitrate. 

For a discussion of the latter reaction, see D. Dobro- 
serov, “Perchlorates of Aluminum with Nine and Six 
ne of Water,” Ukrain. Khem. Zhur., 2, 119-35 
1926). 


The vacuum is released, the crucible is covered with 
a watch glass, and the residue is dissolved directly 
from the crucible with boiling 50% HCl, the filtrate 
being received in a 100-ml. beaker. The vacuum is 
applied, and when the solution has passed through 
completely, the crucible is washed with boiling 5% 
HCl. 

The solution is treated with 1 ml. of HCIO, and is 
evaporated to a point where the salts will just crystal- 
lize upon cooling. Evaporation to complete dryness 
will decompose Co(C1O,), to CoO. The latter may be 
converted to the perchlorate by the addition of a few 
drops of HCIO, and a repetition of the evaporation. 

The cooled residue is treated with 15 ml. of absolute 
C:H;OH; the larger particles are broken up with a 
blunt glass rod and are digested for 10 minutes. The 
solution is decanted to a Jena BG4 crucible, taking 
care that no appreciable amount of the residue is 
brought onto the crucible. The residue is treated with 
10 ml. of the alcohol; the decantation is repeated, and 
the filtrate is discarded. 

The residue is dissolved in a minimum of hot water, 
a drop or two of HCIO, is added, and the evaporation 
to incipient dryness is repeated. The beaker is cooled, 
and 10 ml. of the alcohol are added and allowed to 
digest for 10 minutes. The solution is filtered through 
the crucible originally used, transferring the residue 
and washing several times with small portions of the 
alcohol. The final procedure is to suck dry at the 
pump, heat at 250°C to constant weight, desiccate, 
weigh as KC1O,, and calculate to K,O. 


(2) Centrifuge Method 


The 500-mg. sample is transferred to a tared platinum 
beaker. The sample is moistened with 0.4 ml. of 
HCI1Q, and treated with 7 ml. of HF. Evaporation to 
incipient dryness over water and complete expulsion 
of fumes on the hot plate follow as in the filtration 
method. The HClO, treatment is repeated, and the 
dry residue is treated with the Ca(NOs;)2 solution. 
After evaporation of the solution to dryness, the mixed 
residue is taken up in a minimum of water, the solution 
is made to 15 ml., cooled to 15°C, and the potassium is 
precipitated as the cobaltinitrite (described under the 
filtration method). After digestion at 15°C for 15 min- 
utes, the beaker is placed in a centrifuge for 5 minutes; 
the beaker is removed, and the supernatant liquid is de- 
canted. Ten milliliters of H,O are added to the beaker, 
the solution is stirred well, and the centrifuge treatment 
is repeated. The supernatant is again removed by 
decantation, and the beaker is covered with a watch 
glass. One milliliter of HCIO, is added, and the covered 
beaker is heated on the hot plate to solution of the 
cobaltinitrite residue, continuing until copious fumes 
of HClO, are evolved. The beaker is cooled, the 
cover glass is rinsed with 200-proof C,H,;OH, and 
the volume is brought to 10 ml. with the same solvent. 
The larger particles of the residue are broken up with 
a blunt glass rod, and the solution is allowed to digest 
for 15 minutes. 

The solution is centrifuged for 5 minutes, and the su- 
pernatant is removed with a capillary pipette, taking 
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care not to disturb the residue. The residue is treated 
with 10 ml. of the alcohol, and the centrifuging is re- 
peated, the supernatant being removed and discarded. 

The residue is dissolved in a minimum of hot water, 
2 or 3 drops of HCIO, are added, and the evaporation 
to incipient dryness is repeated. The beaker is cooled; 
the residue is treated with 10 ml. of the alcohol and is 
allowed to digest for 10 minutes. The final procedure 
is to centrifuge for 5 minutes and remove the supernatant 
liquid as before; dry at a low temperature to remove 
the alcohol, and finally heat at 250°C; desiccate, weigh 
as KC10,, and calculate to K,0. 

There is one further modification deserving men- 
tion, #.e., the use of glass beakers and of the centrifuge 
method after an initial decomposition as in the filtration 
method. This method, although not as convenient as 
the regular centrifuge method, has been used with 
consistently good results. The procedure follows the 
regular centrifuge method, viz., after the initial de- 
composition in a platinum dish and a transfer of 
the solution of the residue to a 30-ml. glass beaker as in 
the filtration procedure, through weighing the beaker 
plus KCIO,. The perchlorate salt is removed and the 
tare weight of the beaker is obtained, the difference 
being KCIO,. The solvent action of HCIO, on Pyrex- 
brand glass is more severe than might be suspected at 
first, and the beaker continually loses weight during the 
several evaporations. 

Results obtained by the use of both modifications 
are shown in Table I. 


TABLE I 
K:0 K:0 
Sample present found Difference Method 
No. (mg.)* (mg.) (mg.) used 
70 62.9t 62.9 +0.0 Filtration 
70 62.9t 62.9 42 Centrifuge 
99 _1.9t 1.9 Filtration 
99 1.9f 1.9 Centrifuge 
M-7800 6.2 6.2 54 
M-8492 40.1 40.1 <4 
M-8494 49.9 49.9 
M-8495 63.9 63.9 
M-8496 37.4 37.4 
B-672 39.6 39.6 
B-673 57.4 57.4 


* HF-CaO method used to remove interfering elements; 
K precipitated as KCIO, from SiO,- and Al,O;-free solu- 
tions. 

t National Bureau of Standards recommended value. 


lll. Discussion of Results 

Table I shows the relative accuracy and precision 
of both of the modifications compared with the pro- 
cedure formerly used. The centrifuge method has 
certain definite advantages over the filtration method, 
inasmuch as the final weighing of the perchlorate is 
accomplished in the same beaker used for the initial 
decomposition without any intervening filtrations or 
transfers of residues or solutions. Either modification, 
however, is definitely superior to the procedure formerly 
used. 

No insurmountable difficulties from interference of 
other constituents have been found. Excessive amounts 
of iron tend to hydrolyze in the weakly acid solution, 
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but this reaction may be eliminated by the cautious 
addition of nitric acid. There is no difficulty in sepa- 
rating the several perchlorate salts. Cobalt perchlo- 
rate and sodium (lithium) perchlorate are extremely 
soluble in 200-proof alcohol. Double precipitations, 
however, are required to remove occluded salts from 
the potassium-perchlorate residue. 

A rather superficial study was made of the conditions 
surrounding the precipitation of potassium, both as 
cobaltinitrite and as the perchlorate under the basic 
procedure which has been described, and a brief résumé 
of the essential points are given. 


IV. Precipitation as the Cobaitinitrite 


(1) Reagent Excess 

Inasmuch as the potassium sodium cobaltinitrite is 
of indefinite composition, no specific excess of the re- 
agent over that required to precipitate potassium com- 
pletely can be given. The statement that an excess 
is indicated by a yellow supernatant and that an ap- 
preciable excess does no harm is sufficient. One gram 
of the reagent is more than enough to precipitate 70 mg. 
of K,O completely. 


(2) Volume of Solution before Precipitation 


Initial volumes of 10 to 25 ml. apparently give the 
same results. Crystallization due to supersaturation 
may take place, particularly on high potash materials 
if the initial volume is too low. A volume of 15 ml. 
is easy to attain and is convenient either with the 
filtration method or the centrifuge method, and this 
volume therefore has been established as standard. 


(3) Temperature of Precipitation 

The greater activity in the release of NO, from the 
weakly acid solutions at high temperatures almost 
compels the use of temperatures below 20°C. The 
coarser, more desirable granulation of precipitate is 
inversely proportional to the temperature, and it is 
preferable for this reason, to cool the solution before 
precipitation. 


(4) Time of Digestion 

The precipitation reaction appears to be instantane- 
ous, but a coarser, more easily handled precipitate is 
obtained by digestion for a 15-minute interval, which 
allows an almost complete sedimentation of the pre- 
cipitate. 


(5) Wash Solution 


Many different solutions for washing the cobalti- 
nitrite residue have been advocated. Among these, a 
5% reagent in water, 0.01 NHNOs, and 35% and 50% 
C,:H;OH and AICI; have been used. The residue is 
unquestionably soluble to a slight extent in cold water, 
but this solubility is apparently a time-temperature 
reaction and has proved to be nil under the conditions 
described. It must be remembered in this connection 
that cobaltic salts can be reduced in valence by the 
action of water alone and that the corresponding 
cobaltous compounds show a higher water solubility 
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than do those of the higher valence. The completeness 
of the initial washing is not particularly critical because 
the main portion of the Al, Fe, and Ti, which might 
interfere slightly with the perchlorate reaction to follow, 
is removed by filtration or is decanted. 


TaB_e II 
K:0 K:0 Dif- 
Sample present found ference Method 
No. Material (mg.) (mg.) (mg.) used 


128 Ba-B glass 9.8 9.7 -—0.1 Centrifuge 
M-8470 China clay 1.5 1.5 +0.0 


2.3 2.3 «0.0 
M-8360 Cornwall 
stone 21.0 21.0 +0.0 


M-8420 Nepheline 
syenite 32.0 32.0 +0.0 Ps 


V. Precipitation as Perchlorate 

It was rather surprising that a considerable amount 
of free HCIO, could be present without interference in 
the separation of KCIO, from the other perchlorates 
with alcohol. Low potash materials, i.e., those with 
less than 1% of K,O, show no crystallization of salts 
at the point of heavy fumes of HCIO, nor is there any 
separation of salts when these solutions are cooled to 
room temperature. In spite of this, the potassium is 


completely precipitated from these highly acid solu- 
tions by the addition of alcohol. 

The procedure has been used for the evaluation of 
potassium oxide in several other silicates and silicate 
products. The results of these determinations are 
shown in Table II. 

In the analyses of clays, glasses, and those other 
materials which have a relatively low potassium-oxide 
content, larger samples can be handled conveniently, 
thereby reducing to a minimum the possibility of error 
due to losses. 


VI. Conclusions 
A precise and accurate method for the semidirect 
determination of potassium oxide in feldspars is de- 
scribed. The method has several advantages over 
those in common use both as to the true evaluation of 
percentage of potassium oxide and in economy of time 
and equipment. 
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NOTES ON CHEMICAL ANALYSIS OF GLASS* 


By Micuet B. VILENSKY 


ABSTRACT 


The old tedious method of dehydration of silica is replaced by a new, short method. 
The dehydrating agent used is HCIO, in place of HCl. The evaporation is performed 
in a period of 1 to 2 hours by employing a specially designed platinum radiator. The 
complete chemical analysis of glass is made in a very short time. All ingredients of 
the glass are determined, one after another, by employing the same sample of the 
material. The alkali contents are determined by using a separate sample. Many 
samples of different glasses have been analyzed with satisfactory results, which are 


tabulated. 


i. Introduction 


Recent applications of glass in its different states as 
glass thread, cloth, wool, etc., in many branches of 
industry require that the glass possess definite chemical 
and physical properties, viz., high stability to the action 
of alkali solutions, acids, different fumes, and atmos- 
pheric condition, etc. 

To maintain these properties, it is necessary to have 
precise control of manufacturing such glass. In the 
glass industry, this control usually consists of the 
chemical analyses of the batch materials used and of 
the glass obtained as the final product. 

In most cases, the chemist engaged in such chemical 
control of glass products must meet two requirements, 
viz., precision and time. 


* Presented at the Forty-First Annual Meeting, Ameri- 
can Ceramic Society, Chicago, Ill., April 18, 1939 (Glass 
Division). Received January 31, 1939. 


There are not many difficulties involved in the pre- 
cision requirements, but the time element is always an 
open problem. 

The analyst's time is used mainly in the determina- 
tion of the silica contents, which as a rule requires 
double evaporations of silicic acid with HCl, washing 
the latter with a weak solution of HCI to eliminate the 
traces of alumina and iron present, and then tedious and 
long washings of the residue with hot water until it is 
free of chlorides. 

In many cases, when analyses of 6 to 7 samples of 
glasses are required at one time, the purification of silica 
takes about two days. This indicates that the com- 
plete chemical analysis of glass may be accomplished in 
five to six days. 

In order to speed the isolation and purification of 
silica and to accomplish the complete analysis in a short 
time, the author recommends a combined solution of 
perchloric and hydrochloric acids for the dehydration of 
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silica. By this method, a silica content of high purity 
may be obtained in a short time. 

For the complete chemical analysis of glass in any 
state, the following procedure is recommended. 


ll. Procedure 


Five-tenths gram of glass, powdered and dried at 105° 
to 110°, is thoroughly mixed with 3 to 4 grams of an- 
hydrous NaCO; in a small platinum crucible (20 to 25 
ml. capacity), gently heated at a low temperature until 
no more swelling of the contents of the crucible takes 
place, and finally melted in the full flame of a blast 
Fisher burner. The melt is considered to be ready 
when no more bubbling of CO, occurs and the contents 
of the crucible appear to be clear. 

The contents of the crucible are cooled, transferred 
into a ‘“‘Vitreosil’’ casserole (200-ml. capacity is recom- 
mended). The crucible and the lid are washed well 
with hot water to which 30 to 40 ml. of HCIO, have been 
added, and the solution is made up to 100 ml. The 
casserole, covered with a watch glass, is heated at a low 
temperature on a hot plate (about 40° is sufficient) un- 
til the sample is completely decomposed. 


Fic. 1. 


When decomposition takes place, the watch glass is 
removed, and the sample is washed with hot water into 
the casserole. About 15 ml. of a 50% solution of HCl is 
added, and the contents of the casserole, which do not 
exceed 150 to 160 ml., are evaporated (by using the 
radiator* (see Figs. 1 and 2)) until copious fumes of 
HCI1O, appear. 

The use of the radiator gives the required evapora- 
tion in 25 to 30 minutes; in the meantime, the procedure 
of the evaporation is very quiet because the bottom of 
the casserole remains cold. When the evaporation is 
performed in this manner, there are usually no mechani- 
cal losses and the contents of the casserole do not bump 
as usually happens when evaporation is performed on 
a hot plate or open flame. 


_ * The radiator consists of a platinum disk about the same 
size as the diameter of the casserole used; the thickness of 
the disk used by the author is about 0.5 mm. 
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When the evaporation is completed, the casserole is 
cooled to room temperature, and the contents are 
treated with 25 ml. of a 50% HCl solution. All of the 
solid particles of the residue which have adhered to 
the bottom and sides of the casserole are loosened. The 
solution is brought to boil with constant stirring and is 
boiled about minute. 

The solution is cooled somewhat, made up to about 
100 to 125 ml. with hot water, and filtered through a 
filter paper of tight texture (such as S & S blue band). 
The residue is washed once with a 2% warm solution of 
HCl and then with hot water until it is free of chlorides 
(usually 3 to 4 washings are required). The silica 
obtained is in a pure state and is ready for ignition, 
which is performed in an electric muffle furnace with a 
gradually increasing temperature. Ignition at about 
1000° for 30 to 35 minutes is usually sufficient to obtain 
a constant weight. 


Fic, 2. 


The filtrate obtained from the silica determination 
may be used for determinations of other ingredients of 
glass, such as R,O;, BaO, CaO, and MgO. For deter- 
minations of these ingredients, the filtrate must be 
oxidized with bromine water and all required deter- 
minations are performed in the usual manner. 

For the determination of the alkali contents in the 
sample, the author recommends the method which has 
been previously described. ' 

Table I shows the amount of silica obtained from 
different samples of glass by using the standard method 


1M. B. Vilensky, “Rapid Modified Analysis of Soda- 
Lime Glass,” Bull. Amer. Ceram. Soc., 16 [6] 234-36 (1937). 
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of dehydration of silica with HCl and by the modified 
perchloric-acid method. 


TABLE I 
(1) E: aporated with (2) Eva ted with 
Sample HCl twice HCIO; once 

No. (% SiOz) (% SiOz) 

1 72.26 72.30 

2 72.15 72.17 

3 73.30 73.30 

4 72.20 72.21 

5 73.35 73.38 

6 71.63 71.65 


All samples listed in column (1) were analyzed by the 
J. Lawrence Smith method, which is recommended by 
the National Bureau of Standards; all samples were 
dehydrated twice and dried in the electric oven for 1 hour 
each time at 105°. 

The samples listed in column (2) were analyzed ac- 
cording to the author’s procedure. In both cases, 
‘‘vitreosil’’ casseroles were used. 

By comparing these data, it is possible to state that 
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the results obtained by using the perchloric-acid 
method are very close to those obtained by the J. 
Lawrence Smith method. 


lll. Summary 


The method described herein has the following ad- 
vantages: 

(1) The determination of silica is accurate, and there 
is practically no possibility of mechanical loss during the 
operation. 

(2) The determination requires about 4 hours instead 
of the 2 days usually required by the classical J. 
Lawrence Smith method. 

(3) The complete chemical analysis of glass may be 
accomplished in 1'/; days (not more than 2 days), 
depending upon the experience of the analyst. 

(4) The silica obtained after ignition is of high purity 
and does not require further purification by volatiliza- 
tion with HF and reweighing of the crucible. 


CHEMICAL ENGINEER 
OweENns-CORNING FIBERGLAS CORPORATION 
Newark, Onto 


EFFECT OF BORON OXIDE 


PHOSPHOROUS PENTOXIDE, AND FERRIC OXIDE 


ON THE THERMAL EXPANSION OF A FLORIDA KAOLIN-QUARTZ MIXTURE* 


By C. L. THompson Anp C. W. PARMELEE 


ABSTRACT 


The effect of small additions of B,O;, P,O; (as aluminum phosphate), and Fe,O; on 
the thermal expansion of a body composed of 40% quartz and 60% Florida kaolin after 
single and repeated firings was studied. The boron oxide gave marked reduction in 
the thermal expansion of the mixture after repeated firings (ranging up to cone 16) 


in that portion of the specimen from which it had not been volatilized. 
The iron oxide caused small but distinct reductions in the 
The effect of the phosphorous pentoxide was only 


cases, it had little effect. 
thermal expansion of the mixture. 
slight. 


1. Introduction 
This investigation was conducted to study the effect 
of POs, Fe:O3, and B,O; on the thermal expansion of a 
clay-quartz mixture. 


Il. Review of Literature 
A number of studies has been made on the effect of 
the oxides on the mineral inversions, in silica brick.' 


* Presented at the Thirty-Ninth Annual Meeting, Ameri- 
can Ceramic Society, New York, N. Y., March 24, 1937 
(Refractories Division). Received March 24, 1937. 
Revised copy received October 25, 1938. 

1 (a) O. Rebuffat, “Silica Brick of Constant Volume,” 
Trans. Ceram. Soc.|Engiand ], 21 | Part 1]66-68 (1921-1922 
(R. Rieke); Ceram. Abs., 1 [8] 207 (1922). 

(b) W. Hugill and W. J. Rees, “Influence of Phos- 
phoric Acid and Phosphates on Rate of Inversion of Quartz 
in Silica Brick Manufacture,” Trans. Ceram. Soc.{England], 
23, 304-61 (1923); Ceram. Abs., 4 [10] 280 (1925). 

(c) J. F. L. Wood, H. S. Houldsworth, and J. W. Cobb, 
“Influence of Foreign Matter on Thermal Expansion and 
Transformation of Silica,”’ Trans. Ceram. Soc. [England], 25 
[4] 289-303 (1925-1926); Ceram. Abs., 6 [9' 383 (1927). 

(d) H. Salmang and B. Wentz, ‘“‘Production of Tridy- 
mite Brick: II,” Ber. deut. keram. Ges., 14, 141 (1933). 


In all other 


In general, increased tridymite formation has been 
reported, caused by small additions of Fe,O;, BO;, and 
P.O;, although the results are somewhat contradictory 
for P2Os. 

Moore and Hursh? reported that small additions of 
boron oxide reduced the thermal expansion, especially 
in the cristobalite inversion range of a Missouri semi- 
flint clay and a Tennessee ball clay but that there was 
little change in the thermal expansion of a Pennsylvania 
siliceous clay. 


lll. Experimental Work 


(1) Preparation of Specimens 

The base mixture used was 60% “EPK"’ brand 
Florida kaolin and 40% fine quartz. The fine quartz was 
separated by water sedimentation from Ottawa, II, 
sand “flint” and had a maximum particle diameter of 
32 microns and an average diameter of 11 microns. 


* D. G. Moore and R. K. Hursh, “Effect of Fused 
Alumina and Boron Oxide on Plastic Fire Clays,” Bull. 
Amer, Ceram. Soc., 14 [3] 106-112 (1935). 
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Effect of Oxides on Thermal Expansion of a Florida Kaolin-Quartz Mixture 


In all cases, the final mixture was prepared as a slip 
which was dewatered to plastic consistency. Cylin- 
drical test specimens, approximately one inch in 
diameter, were made from the plastic mass by extrusion 
from a piston press. . 

The phosphorus pentoxide was added as aluminum 
phosphate with adjustments made in the clay and 
quartz content; the resulting composition was equiva- 
lent to the addition of 2% P.O; to the body. 

The ferric oxide was added as chemically pure mate- 
rial in the amount of 1'/;%, which resulted in a mix- 
ture containing approximately 2% FesOs. 

Boron oxide was added as boric acid to a portion of 
the clay, mixed thoroughly, and the resulting mixture 
was calcined at 1000°C. This calcine was used in 
proper proportion with raw clay and quartz to give a 
mixture equivalent to the addition of 2% B,O; to the 
base composition. The supernatant liquid from this 
slip gave no test for boric acid with tumeric paper. 
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Fic. 1.—Thermal expansion curves showing effect 
of 2% P.O; on Florida kaolin-fine quartz mixtures; 
body No. 102; 72% SiO... (A) specimen fired once, 
cone 13'/;; (B) specimen fired twice, cone 13'/:; (C) 
specimen fired 6 times, cones 13 to 16; (D) specimen 
without P,O;, fired 6 times, cones 13 to 16 (No. 40F). 


(2) Firing of Specimens and Test 


The specimens were fired in a commercial tunnel 
kiln and were in the hot zone of the kiln for 72 hours. 
The specimens were tested after (a) one firing to cone 
13'/s, (0) two firings to cone 13'/2, and (c) six firings to 
cones 15'/s, 14'/s, 13'/o, 14'/s, 14'/s, and 16. 

The thermal expansions of the specimens were 
determined by the Fizeau-Pulfrich interferometer 


method. 
IV. Results 


The thermal-expansion curves for the body con- 
taining phosphorus pentoxide are shown in Fig. 1. 
The thermal expansion was lower than that of the base 
composition (No, 40F, Figs. 1 and 2) only for the 
specimen that received repeated firings, and the amount 
of reduction in this case was not large. 

The ferric oxide addition showed beneficial effects in 
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lowering the thermal expansion for all firings tested. 
The specimens, after six firings, showed about two- 
thirds as much expansion to 300°C as the specimen with 
no flux addition (Fig. 2). 
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Fic. 2.—Thermal expansion curves showing effect of 
1.5% ferric oxide on Florida kaolin-fine quartz mixtures; 
body No. 113; 73% SiO... (A) specimen (No. 40F) 
without Fe,O, addition, fired once, cone 13'/;; (B) speci- 
men fired once, cone 13'/;; (C) specimen fired twice, 
cone 13'/,; (D) specimen fired 6 times, cones 13 to 16. 
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Fic. 3.—Thermal expansion curves showing effect 
of 2% boron oxide on Florida kaolin-fine quartz mix- 
tures; body No. 110; 73% SiOe. (A) center of speci- 
men fired once, cone 13'/,;; (B) center of specimen 
fired twice, cone 13'/;; (C) center of specimen, fired 6 
times, cones 13 to 16; (D) outside of same specimen 
as (C); (£) center of same specimen as (C) after 20 
hours’ reheat at 1250°C. 


The body with boron oxide addition had slightly 
greater expansion than the base composition (No. 40F, 
Figs. 1 and 2) after one and two firings to cone 13'/, (Fig. 
3). The cylinder that received repeated heat treatments 
had a white, dense core about */, inch in diameter. 
Surrounding this core, the material was light buff and 
porous. The porous outer rim had practically the same 
thermal expansion as the same composition without flux 
addition that had received the same heat treatment. 
The expansion of the dense core was less than half as 
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great and showed no greater discontinuity from the 
cristobalite than Florida kaolin without quartz addition. 
After heating to 1250°C, however, and holding at this 
temperature for 20 hours, its thermal expansion ap- 
proached that of the outer rim, although the discon- 
tinuity occurred at a lower temperature. Chemical 
analyses* showed that the core of the sample con- 
tained 2.15% B,O; and the rim contained only 0.38%. 


V. Summary 

Two per cent phosphorus pentoxide, added as 
aluminum phosphate, showed little effect on the ther- 
mal expansion of a mixture made up of 60% Florida 
kaolin and 40% fine quartz after single and repeated 
firings from cones 13 to 16. 

An addition of 1'/:% ferric oxide to the Florida 
kaolin-quartz mixture resulted in lower thermal ex- 
pansion; the amount of the decrease was greater with 
increased number of heat treatments. 


* J. R. Bingham, analyst. 
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The 2% boron oxide addition to the base mixture 
resulted in lower thermal expansion only in the speci- 
men that received repeated firings ranging up to cone 
16, and then only in the center portion from which it 
had not been volatilized. Most of the silica in excess 
of that required to form mullite was apparently present 
in this center portion as a glassy phase, but some of it re- 
crystallized as cristobalite when the specimen was 
heated to 1250°C and held at that temperature for 20 
hours. 
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Abrasives 


Adequate predrying of grinding disks with ceramic bind- wheel with surface speeds of 1200 to 1500 ft./min. as com- 
ing. W. Hanuscu. Schleif- & Poliertech., 15 [8] 163-64 pared with conventional polishing speeds of 5000 to 8000 ft./ 
(1938).—H. describes the detailed technique. The use of min. A combined polishing-burnishing action results in 
adhesive substances should be avoided. Special care must the production of a surface finish on No. 2 auto-body 
be taken for disks of fine granulation. F.E.V. steel with sufficient color to receive bright nickel. 

Conditions of good polishing and new development in H.K.R. 
polishing machines. P. FELDMANN AND G. Kocu. Schiletf- Retailoring shaft sleeves prolongs life and cuts replace- 
& Poliertech., 15 [12] 238-41 (1938).—The evolution of the ment costs. ANon. Can. Machinery, 50 [2] 53-54 
polishing machine meets the requirements of the work- (1939).—The preparation of work and the usual method 
shops. The results are higher efficiency and the better for hard-facing shaft sleeves are described. Special em- 


protection of workmen. Eight illustrations. F.E.V. phasis is placed on the method of grinding, equipment, 
Grinding electrocorundum. F. Pupre. Schleif- & selection of grit and bond of wheels, dressing of wheels, 
Poliertech., 15 {10} 193-97 (1938).—P. describes the gen- etc. D.A.B. 
eral process of grinding and sorting. The granulometry Selection of compounds for automatic buffing. Water 
is tabulated and represented by graphs. F.E.V. R. Meyer. Metal Ind. (N. Y.], 36 [12] 567-69 (1938). 


Grinding machines for rolls and cylinders. E.LUNGEN. Improvements in buffing compounds have been made pos 
Z. Ver. Deut. Ing., 81 [41] 1197-98 (1937).—L. describes sible by testing on an automatic buffing machine, thereby 
German machines for grinding and polishing straight and _ eliminating the variable opinion of hand workers. Polish- 
crowned rolls up to 5 in. in diameter; an automatic ar- ing is defined as a leveling action accomplished by scrap- 
rangement takes care of the correct movement of the grind ing. Buffing is defined as a plastic flow kneading action 
ing tool for the crown of the roll. M.H. in which the surface atoms reach the melting point, causing 

Measuring surface finish in production. E. J. Anport crystal breakdown, slip, and therefore leveling. The ac 
S. A. E. Jour. [Preprint], 11 pp. (Oct., 1938); abstracted tion of compounds is explained on this basis. The fac- 
in Bull. Brit. Non-Ferrous Metals Research Assn., No. 116, tors involved in the choice of a buffing compound are as 
p. 18 (1939); see Ceram. Abs., 17 [7] 240 (1938). follows: (a) the binder must have the proper melting 

Nonglazing abrasive grain for production polishing. point to give right lubrication and spread of abrasive; 
Cottiss L. Harr. Products Finishing, 3 [5] 37-40 (6) an all-tripoli abrasive is best but the addition of silica 
(1939).—There is a steadily increasing demand in the field speeds up work with some loss in luster; (c) a high thread 
of metal polishing for an abrasive polishing grain that count sheeting (in 80’s) is necessary as a buff; (d) a 
will eliminate wheel glazing or “loading; this demand  saponifiable binder helps in cleaning after buffing; min- 
centers principally in the field of rough polishing. The eral waxes hinder cleaning of the work. Fresh work cleans 
production of such a nonglazing abrasive grain requires more easily, as the aging of stearic acid causes trouble. A 
(a) control of bauxite composition, (6) proper fusion, and form for checking results and three photographs are 


(c) scientific oxidizing firing of the grains at high tem- included. H.K.R 
perature to develop proper capillarity, temper, and etched South African corundum. F. Marie. Schleif- & 
surface. A table listing the proper grain sizes for rough /Poliertech., 15 [8] 160-63 (1938).—M. mentions the de 
polishing 53 articles is given. Four illustrations. posits, describes the principal deposit in northern Trans 
.K.R vaal, and gives the composition, classification, and export 
Polishing and buffing semiautomatically. B.F. Bower. data. South Africa has no abrasive industry; 70% of 
Metal Ind. [N. Y.], 37 [2] 71-72 (1939).—B. describes a the output is directed to the U. S. F.E.V. 


unique method of rapidly polishing and buffing metals in Testing grinding disks and development of testing ma- 
which loose abrasive is applied to a rotating hard muslin chines for them. E. Brinxkmann.. Schleif- & Poliertech 
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15 [11] 216-21 (1938)—In Germany, grinding disks are 
tested for cracks, correct dimensions, balance (dynamic 
balancing is very rare), and strength. Testing machines 
are described, including a special machine running at 16,000 
r.p.m. Eight illustrations. F.E.V. 

Use of boron carbide to work semi ous stones. W. 
DAWIHL AND O. Fritscu. Schleif- & Poliertech., 15 [9] 
175-76 (1938).—Experiments show that the efficiency of 
B,C is about 70% of that of diamond powder. F.E.V. 

Use of metallic abrasives. J. E. Hurst anp W. Topp. 
Proc. Inst. Vitreous Enamellers |Preprint], 5 pp. (Oct., 
1938); abstracted in Bull. Brit. Non-Ferrous Metals Re- 
search Assn., No. 116, p. 18 (1939).—The behavior of shot- 
blast grit (No. 16 angular grit) in the treatment of iron 
castings for vitreous enameling purposes is examined. 
The effect of service conditions on sharp-edged granular 
character of grains, contamination of grit, etc., is given. 
See “‘Properties—,’’ Ceram. Abs., 18 [2] 44 (1939). 


PATENTS 


Abra machine. A. N. Emmons (Porter-Cable Ma- 
chine Co., Inc.). U. S. 2,148,061, Feb. 21, 1939 (Oct. 7, 
1936). 

Abrasive article. pe Leeuw (Carborundum 


Co.). Can. 378,941, Jan. 17, 1939 (Dec. 21, 1935); see 
“‘Manufacture—,”’ Ceram. Abs., 17(3] 92 (1938). CHARLES 
E. WoopELL AND CHARLES S. NELSON (Carborundum Co. ). 
Can. 378,942, Jan. 17, 1939 (April 18, 1936). G.M.H. 

Abrasive article manufacture. Norman P. Rosie 
(Carborundum Co.). Can. 379,404, Feb. 7, 1939 (Oct. 4, 
1935; in U. S. March 20, 1935). G.M.H. 

Abrasive article and method of manufacture. S. S. 
KistLer (Norton Co.). U.S. 2,150,121, March 7, 1939 
(July 16, 1936).—In the art of manufacturing abrasive 
articles from abrasive grain and a synthetic resin bond, the 
steps comprise taking a quantity of abrasive grain, adding 
a liquid plasticizer, adding a synthetic resin bond in 
powdered form, mixing thoroughly to produce a plasti- 
cized mass, taking a quantity of such mass and pressing it 
in a mold, pressing the mixture in the mold under substan- 
tial pressure but in a cold state, stripping the mold, placing 
the pressed article in an autoclave, applying to the auto- 
clave a pressure of 80 lb. gage, heating the autoclave 
to above 150°C within 2 hr., and thereafter maintaining 
the temperature for an additional hour in the autoclave 
under the pressure of 80 Ib. gage. 

Abrasive article and method of manufacture. Norton 
GrinpInc WHeEeEt Co., Ltp. Brit. 500,868, March 1, 
1939 (July 16, 1936). 

Abrasive device. Avery W. WaLKER (Carborundum 
Co.). Can. 378,946, Jan. 17, 1939 (Dec. 16, 1936); see 
Ceram. Abs., 17 [7] 241 (1938). G.M.H. 

Abrasive objects. CoMPAGNIE DES MEULES NORTON 
(Soc. ANon.). Fr. 48,677, May 23, 1938; Chem. Abs., 33, 
338 (1939). Addition to 817,978 (Ceram. Abs., 17 [8] 
268 (1938)).—Grains of SiC are used with a binder having 
the following composition for at least 90% of its mass: 
SiO, 45 to 70, B2O; 15 to 40, Al,O; 3 to 20, and alkali metal 
oxide 3.10%. 

Abrasive product. Norman P. Rosie (Carborundum 
Co.). Can. 378,945, Jan. 17, 1939 (Dec. 11, 1936; in 
U. S. Dec. 30, 1935 and July 22, 1936). G.M.H. 

Abrasives. Boris SINAyY AND MENDEL MENDELSON. 
Fr. 829,611, July 1, 1938; Chem. Abs., 33, 1463 (1939).— 
Diamonds in the form of powder or flakes are mixed with 
a metal or alloy in fusion so as to be dispersed throughout 
the mass, the operation being carried out under consider- 
able pneumatic pressure so as to prevent graphitization of 
the diamond. 

Apparatus for forming bonded granular articles. R. L. 
Me ton, H. P. KrRcHNER, AND R. C. BENNER (Carbor- 
undum Co.). U. S. 2,150,034, March 7, 1939 (Oct. 15, 


1935).—An apparatus for forming bonded granular ar- 
ticles comprises electrodes arranged to form a mold for 
the article, one of the electrodes having a facing of poorly 
conducting material to permit a leakage current to flow 
therethrough but of sufficient resistance to prevent arcing 
or spark over between the electrodes, means for applying a 
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high electrical potential difference between the electrodes, 
and means for depositing elongated granular materials 
and a bond therefor into the mold and between the elec- 
trodes, the apparatus being adapted to electrostatically 
orient the elongated granular particles so that their longest 
dimensions lie in a predetermined direction. 

Automatic infeed centerless grinder. A. J. GraF AND 
C. L. Scuutte (Cincinnati Grinders, Inc.). U.S. 2,147,- 
891, Feb. 21, 1939 (July 16, 1937). 

Bonded abrasive article. Maxwett L. WHITACRE 
(Carborundum Co.). Can. 378,944, Jan. 17, 1939 (Aug. 
27, 1936). G.M.H. 

Boron carbide alloy and method of making. Norton 
GRINDING WHEEL Co., Ltp. Brit. 500,283, Feb. 22, 1939 
(June 10, 1936). 

Coated abrasive article. Harry C. Martin, FRep- 
ERICK A. UPPER, AND JOSEPH B. Aust (Carborundum Co.). 
Can. 378,947, Jan. 17, 1939 (Dec. 24, 1936); see ““Manu- 
facturing—,”’ Ceram. Abs., 18 [1] 3 (1939). Norman P. 
Rosre (Carborundum Co.). Can. 378,940, Jan. 17, 1939 
(Oct. 18, 1935); see sbid., 17 [11] 346 (1938). G.M.H. 

Combined surfacing and boring machines. H. W. 
Kearns & Co., Lrp., anp H. W. L. Kearns. Brit. 
499,945, Feb. 15, 1939 (Aug. 5, 1938). 

Device for feeding abrasive or polishing material to 
machines for grinding lenses. NirscHe & GUNTHER Op- 
TISCHE WERKE K.-G. Ger. 668,226, Nov. 3, .1938 (Nov. 
2, 1936); XII/67a. 19.—The feeding device consists of 
an abrasive shell or cover moving over the workpiece sup- 
port and a double armed counterpoised lever, one end of 
which carries an abrasive feeder consisting of absorptive 
material and dips into a small abrasive receptacle and the 
other end of which has a projection lying in the path of 
motion of the abrasive shell which, upon striking against 
the projection, turns the abrasive feeder about on the 
grinding surfaces of the glass. D.A.B. 

Gear-lapping machine. J. M. Curistman (Packard 
Motor Car Co.). U.S. 2,149,909, March 7, 1939 (Sept. 23, 
1935). A. E. Tarum (H. John Voigt). U. S. 2,147,864, 
Feb. 21, 1939 (Dec. 23, 1936). 

Grinding or abrading machines. S. A. HorSTMANN AND 
HorstMAN, Ltp. Brit. 500,726, March 1, 1939 (July 10, 
1937). 

Grinding machine. O. E. FruNnK ANp H. G. A. Axer- 
LInD (Aktiebolaget Linham). U. S. 2,149,519, March 7 
1939 (Nov. 2, 1937). F. S. Haas (Cincinnati Grinders, 
Inc.). U. S. 2,147,893, Feb. 21, 1939 (Oct. 4, 1937). 

Grinding machine. D. R. Hatt (Gardner Machine 
Co.). U.S. 2,148,744, Feb. 28, 1939 (May 28, 1936).—A 
calipering device for use with a surface grinding machine. 

Grinding or milling machines for generating bevel gears. 
F. G. B. RopgEt AND KOLLMANN-WERKE A.-G. Brit. 
501,314, March 8, 1939 (April 8, 1938). 

Grinding wheel. Grorcr Crompron, JR. (Norton Co.). 
U. S. 2,148,400, Feb. 21, 1939 (Jan. 13, 1938).—A grinding 
wheel comprises triangular abrasive aggregates oriented 
with sides tangent to concentric circles of the wheel 
bonded together into an integral whole. 

Grinding wheel. Epwarp VAN DER Pvt (Norton Co.). 
U. S. 2,150,886, March 14, 1939 (Sept. 23, 1937).—A 
grinding wheel consists solely of a grinding portion com- 
prising diamonds bonded with resin and a mounting 
molded solely from finely divided metal and resin, the 
resin being 25% by volume or less of the mounting. 

Grinding wheel truing apparatus. C. C. ALvorp 
oo Co.). U.S. 2,150,091, March 7, 1939 (March 15, 
1 

Honing machine. H. L. Boop (Heald Machine Co.). 
U. S. 2,148,337, Feb. 21, 1939 (Sept. 23, 1936). 

Machine for grinding and shaping. Grorcr HEITLER. 
U. S. 2,149,258, March 7, 1939 (March 29, 1937). 

Machine for ing lawn mowers. W. F. INGLE- 
MAN. U.S. 2,149,774, March 7, 1939 (Oct. 10, 1936). 

Manufacture of abrasive articles. UNirep STaTEs 
RUBBER Propucts, INc. Brit. 501,243, March 8, 1939 
(May 21, 1937). 

Method and means for dressing rotating disks for grind- 
ing gears with inclined teeth. Hans Mo.ty (Zahnrad- 


1939 
U. S. 2,148,955, Feb. 28, 


disks. Hans 
&. 


fabrik Friedrichshafen A.-G.). 
1939 (Dec. 20, 1934). 

Method and means for truing grinding 
Mo tty (Zahnradfabrik Friedrichshafen A.-G.). 
2,148,956, Feb. 28, 1939 (Aug. 3, 1935). 

Oscillating grinder. F. D. VAN Norman, B. F. Stowe 
AND R. S. Pyne (Van Norman Machine Tool Co.). U. S. 
2,149,409, March 7, 1939 (Aug. 12, 1936). 

wheel. E. B. Hupsarp (Williams Furniture 
Co.). U.S. 2,147,901, Feb. 21, 1939 (May 2, 1938). 

Segmental abrasive wheel. ALpert L. BALL AND 
RayMonpD C. BENNER (Carborundum Co.). Can. 378,948, 
as 17, 1939 (Dec. 30, 1936); see Ceram. Abs., pert [8] 268 

1938). 

for cloth-cutting machines. MarrTIN 
BAUM (Martin Industrial Development Co., Inc.). U. S. 
2,149,731, March 7, 1939 (June 28, 1935). 

~carbide product and method of making. Oris 
Hutcuins (Carborundum Co.). U. S. 2,150,166, March 
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14, 1939 (Sept. 23, 1935).—The method of coating silicon- 
carbide granules with silica comprises coating the granules 
with a metallic oxide, firing and tumbling the granules 
until the surfaces thereof are converted into mat layers 
containing silica in amount greater than 1% of the weight 
of the granules and a low percentage of carbon, washing 
the granules with acid, and subjecting the granules to 
magnetic force to remove magnetic particles therefrom 
whereby a mass of loose silicon-carbide granules is formed 
each of which has a surface coating of silica integrally 


united thereto. 

Track-grinding machine. A.W. Mav. U.S. 2,148,766, 
Feb. 28, 1939 (Sept. 17, 1937). 

Truing the curved surface of grinding disks for grinding 
toothed wheels. S. Soxat (Zahnradfabrik Friedrichs- 
hafen A.-G.). Brit. 501,021, March 1, 1939 (Aug. 18, 
1937). 

Valve seat grinding means. Hatt Mrc. Co. Brit. 
501,338, March 8, 1939 (Oct. 14, 1936). 


Art and Archeology 


Awards in architecture. R.B. Wms, O. Tegecen, E. D. 
STONE, ET AL. House & Garden, 75 [1, Sect. 1] 18-20 
(1939).—Homes constructed of cement, plate glass, glass 
blocks, and structural clay products received awards 
which were based on combining a utilitarian purpose with 
an artistic motif. Photos, sketches, and construction 
data are given. The trend toward composited ceramic 
materials for building purposes is shown. J.F 

Bathroom. Anon. House & Garden, 75 [2, Sect. 1] ‘37 
(1939).—A sketcn of a bathroom shows dual installation of 
washbasins. J.F. 

Cooking en casserole. Mary GrRosvENOR ELLSWORTH. 
House Beautiful, 81 [3] 44 (1939).—E. recommends the 
pottery casserole and explains why. Specifications and 
data are given. J.F. 

_ Fifteen thousand cutting wheels. ANon. China, Glass 

& Lamps, 58 [4] 33 (1938).—The art of cutting glass is 
briefly described. .F. 

asacraft. W.G. Pottery & Glass 
Record, 21 {1} 13-14 (1939).—R. deals with the glass- 
maker’s impress on the medium, conditions of compromise 
in design and manufacture, the necessity of understanding 
the material so that the good qualities of the glass may be 
fully developed, the peculiar qualities of English lead glass, 
the danger of overexploiting the brilliance of lead glass, 
and the aesthetics of cutting glass. A.B.S. 

Old English glasses. Grorce Potts. Poitery 
& Glass Record, 21 [1] 14-16 (1939).—P. states that very 
few drinking glasses were made in England before the 18th 
century; Venetian glasses were chiefly used. The first 
English decanters were globular with long necks. Many 
of the early decorators at Nailsea had a Moorish ancestry 
which accounts for the brilliant color of their glasses. 
George Ravenscroft was the first to produce lead glass in 
England (about 1660). Waterford glass is a misnomer. 
The dates of most Irish glass are very difficult to deter- 
mine, but glass factories of repute, however, did exist at 
Dublin, Waterford, Cork, and Belfast in the 18th century. 
The Waterford blue tint is due to the use of an impure lead 
oxide. Other types of glass were manufactured in Ireland 
in the 13th century. Ravenscroft fused flint with lead 
and developed a heavier glass, softer for cutting and hold- 
ing more light. This glass was more solid than Venetian 
glass. English glass has a finer ringing tone than Con- 
tinental glass. There are several factories in France mak- 
ing fake antique drinking glasses. A.BS. 

Pottery of six thousand years age. ANON. Pottery & 
Glass Record, 21 [2] 53 (1939).—Walter Emery recently 
discovered ancient pottery in the Egyptian desert in a 30- 
ft. deep tomb. built 6000 years ago. Beautifully shaped 
bowls and dishes, perfect jars and platters, and food con- 
tainers were found. A recent discovery at Sheepen farm 
near Colchester revealed Samian cups and dishes stamped 


with the name of Licinus, the Claudian potter. See 
“Egyptian—,”’ Ceram. Abs., 18 [1] 4 (1939). A.B.S. 
Romance and production of anewshape. ERNest JOHN- 
son. Pottery & Glass Record, 21 [2] 34-36 (1939).— 
Owing to differences in taste in different markets it is im- 
possible to produce one shape for universal use. In Scot- 
land, a flat plate is seldom used for dessert while in the 
U.S., ascallop is used for vegetables and dessert. A sauce 
tureen is common in England but not in America. A 
bread basket must be included with dinnerware in Scandi- 
navia. Only in England are fruit sets and sandwich sets 
used. When a new shape is introduced, 75 to 90 different 
pieces have to be modeled. Pottery manufacturers can 
not lead a fashion because all tableware must suit the fur- 
nishings. The decorations are also affected by the shape. 
Artists’ designs are seldom adhered to; the actual shape is 
largely developed by the modeler. Details of methods of 
modeling ware are given. A.BS. 
Spanish colonial pilgrimage. ANon. House & Garden, 
2, Sect. 1] 72 (1939).—In Menlo Park, Calif., the 
Allied Arts Guild carries on handcraft in ceramics. J.F. 
Stained James SHetpon. Arts & Dec., 49 [5] 
24-26, 34 (1939).—The use of stained glass for windows 
can be traced back more than eight hundred years. Forces 
of nature have only added to its splendor but science has 
proved that it can not be used universally. The farther 
away from the equator, the more the window must approach 
white to allow greater illumination. The volume of light 
that passes through colored glass depends on (a) latitude, 
(b) climate, (c) glass area, and (d) tone or shade of glass 
and the painting. A good window should have high 
luminosity, should not go dead when the sun withdraws, 
and should not gleam or glare with the sun upon it. 
Unity among all the windows is essential. Illustrated. 
L.F.M. 
Ultraviolet. Anon. House & Garden, 75 [1, Sect. 1] 32 
(1939).—Pink and violet colors will predominate in 1939 
China plays an important rdéle for a colorful table, carrying 
the color theme for the entire setting. Glassware shares 
honors for color harmony. Illustrated. J.F. 
Use of Santomerse to reduce surface tension and decal 
watermarking. ELtmoH.Linrz. Bull. Amer. Ceram. Soc., 
18 [3] 110 (1939). 
edgwood, pioneer potter. BERNARD RACKHAM. Aris 
& Dec., 48 [3] 22-24 (1938).—In the latter half of the 18th 
century great changes were made in the pottery field 
Josiah Wedgwood was among the first to introduce new 
procedures, and many of these are virtually unchanged 
today. With no loss of quality, mass production was 
started. Illustrated. L.F.M. 
Western World’s Fair. House & Garden, 75 (2, Sect. 1} 
22, 23 (1939).—Photos of a graceful Henri Navarre glass 
vase and of a modern glass vase engraved with dancing 


| 
| 

| 
| 


120 


figures designed by Edvard Hald. Both vases will be 
exhibited in the Palace of Fine Arts at the Golden Gate 
Exposition. Ceramic groups to be exhibited in the 
Palace of Fine Arts at the Golden Gate Exposition are also 
shown. J.F. 
Wines and foods. Atwin E. Wire. House & Garden, 
75 (2, Sect. 1] 62 (1939).—W. shows the importance of glass 
in dispensing beverages. Sketches of glasses for specific 
purposes are given. FF 
BOOK 


Color and Colors. MatrHew Luckiesn. D. Van Nos- 
trand Co., Inc., New York, 1938. 205 pp. Price $3.00. 
Reviewed in Jour. Optical Soc. Amer., 29, 39 (1939). A.P. 
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Application of colors, etc., to various surfaces. Rock- 
waRE Grass SynpicaTE, Lrp., J. B. MuRGATROYD, AND 
yi 3) Grecory. Brit. 500,287, Feb. 22, 1939 (July 2, 
1937). 

Decorating ceramic articles. DeurscnHe GoLp- UND 
StLBER-SCHEIDEANSTALT VORM. ROESSLER. Brit. 500,001, 


Feb. 15, 1939 (Feb. 9, 1937). 

Decora ceramic ware. J. W. Davies. U. S. 
2,148,340, Feb. 21, 1939 (March 25, 1937).—A method of 
forming ceramic ware, glassware, etc., with a design in 
relief and colored, includes applying “raise” or modeling 
paste to the article to form the design to be produced, firing 
the article to fuse the paste to the article and to render 
the paste porous, applying an oily substance to the article 
for absorption solely by the porous fired paste, washing the 
article and drying it thereby to retain oil solely in the 
porous fired paste, thereafter applying powdered metal 
to the article, the retained oily substance in the fired porous 
paste constituting means for exuding from the paste for en- 
gaging and retaining the powdered metal applied thereto, 
and finally firing the article to fuse the retained metal to 
the oil-absorbing portion. 


Designs for: 
Bottle. Martin Kivus. Can. 12,219, Jan. 3, 1939. 


G.M.H. 
Coffeemaker. ALFoNnsoO IANNELLI (Chicago Flexible 
Shaft Co.). 


U. S. 113,512, Feb. 28, 1939 (Sept. 23 
1938). 


Ceramic Abstracts 


Vol. 18, No. 5 


Coffeemaker bowl. 
ible Shaft Co.). U. 
1938). 

Coffeepot. A.ronso IANNELLI (Chicago Flexible Shaft 
Co.). U. S. 113,513, Feb. 28, 1939 (Sept. 23, 1938) 
Witii1aM Scumipt, Jr. U. S. 113,441, Feb. 21, 1939 
(Dec. 27, 1938). 

Jar. Gerorce Smirn, Jr. (Olean Glass Co.). U. S. 
113,578, Feb. 28, 1939 (Nov. 15, 1938). 

Plate. A. M. WALKER (Bailey-Walker China Co.). 
U. S. 113,774, March 14, 1939 (Jan. 5, 1939). 

Tumbler. M. O. Hansen (Libbey Glass Co.). U. S. 
113,384 and 113,385, Feb. 21, 1939 (Nov. 21, 1938). 


Glaze on ceramic objects. Scutrre A.-G. rUr Tonin- 
DUSTRIE. Fr. 48,484, March 8, 1938; Chem. Abs., 33, 339 
(1989). Addition to 790,776 (Ceram. Abs., 16 [7] 227 
(1937)).—Metal oxides are caused to react, during firing, 
on the surfaces of ceramic objects coated with a suspension 
of clay. Improved glazes are obtained. 

Prod colored designs on ceramic ware. W. D. 
Forp. U. 5S. 2,147,770, Feb. 21, 1939 (June 17, 1936).— 
A method of producing photographic designs on ceramic 
ware comprises reproducing a photographic design in in- 
taglio in a plaster mold from a gelatin film, completely 
filling the intaglio design of the mold with a porcelain slip 
and allowing the plaster to absorb the water from the slip 
to leave a plastic body in the intaglio portion of the mold, 
leveling the outer surface of the body so that the latter 
possesses a varying thickness corresponding with the ir- 
regularities and depth of the design indentations, applying 
a second porcelain slip containing a pigment to the mold 
over the level surface of the first-named slip and allowing 
the plaster mold to absorb water from the pigmented slip 
in order to leave a thin film of a colored plastic material on 
the mold, pouring a third or body slip into the mold and 
allowing the latter to absorb water therefrom to produce a 
plastic body homogeneously joined to the bodies produced 
by the first and second-named slips, removing from the 
mold as a unit and in joined relationship the plastic ma- 
terials produced in the mold from the slips, and subjecting 
the material to kiln temperatures, whereby to fuse and per- 
manently harden the material. 


ALFONSO IANNELLI (Chicago Flex- 
S. 113,514, Feb. 28, 1939 (Sept. 23, 


Cements 


Cement research in 1937. C. R. PLATZMANN. Zement, 
27 [82] 483-88; [33] 499-504; [84] 512-17 (1938).- 
P. deals with standardization, tests and analysis, scien- 
tific research, technical development, and behavior in 


presence of attacking solutions. F.E.V. 
Chemistry of accelerators and retarders. FOoORSEN. 
Zement, 27 [46] 719-29; [47] 737-48; [48] 753-58 


(1938).—The dissolved cement compounds have the same 
chemical composition as the water-free compounds. The 
setting is due to oversaturated solutions evolving Ca,SiO, -- 
4H,0, probably in microcrystalline structure. During 
normal binding, there is a large content of Ca(OH), in 
solution; the solubility of aluminates is lowered and the 
chemical activity is slowed by a protective film. During 
quick binding, there is little Ca(OH), in solution; alumi- 
nates and silicates dissolve readily; a gel of SiO, and 
Al(OH); is deposited whose mechanical strength is limited. 
Retarders are compounds reducing the solubility of alumi- 
nates and giving a more or less tight film around cement 
grains. Accelerators like CaCl, augment the solubility of 
silicates (decrease of px) and the precipitation of silicate 
hydrates (increase of calcium ion concentration). Destruc- 
tive compounds facilitate the solubility of aluminates or 
deposit a tight film around clinker grains. Alkalis cause 
rapid binding and low strength. The behavior of basic 

is similar to that of Portland cement. F.E.V. 

termination of the fineness of Portland cement. 
Wagner turbidimeter. T. W. PARKER AND R. W. Nurse. 
Jour. Soc. Chem. Ind. [London], 57 [12] 436-38 (1938).— 
Modifications of methods of determining sieve residue and 


of dispersing the powder in kerosene give results compar- 
able with those obtained from turbidimeters constructed 
in England. Rubbing the material on a porcelain tile is 
introduced instead of the rotating brush method. A criti- 
cal examination of some features of the method as a whole 
is included with a view to improving the reproducibility of 
the results. G.R.S. 
Determination of lesser components in cement. F 
Kem AND F. Gute. Zement, 27 [40] 623-29; [41] 
640-43 (1938).—Additions and impurities are described. 
The characteristics of these lesser components are tabulated 
and an easy method of qualitative and quantitative deter- 
mination is given. F.E.V. 
Effect of fluorides as mineralizers during firing. W. 
E1iTEL. Zement, 27 [30] 455-59; [31] 469-72 (1938).— 
A mineralizer is a material possessing ions able to dislocate 
the structure of viscous glasses even at low temperatures. 
The most energetic ions have high electrical charges and 
small dimensions. The fluorine ion destroys the oxygen 
bridges in polymerization networks of silicate glasses. 
The addition of CaF; to cement raw materials accelerates 
crystallization and the transformation of crystals during 
cooling. Cooling below 1250° must be rapid to avoid 
destruction of 3CaO-SiO,. F.E.V. 
Iron-be fused cements. B. Tavasci. Chimica & 
Industria, 20 a 469-76 (1938).—The study of a cement 
containing 5.62 SiO», 36.8 Al,O;, 2 TiOs, 12.58 Fe:O;, 5.66 
FeO, and 36.84% CaO in the fused state showed that it 
contained Fe in both the ferrous and the ferric states and 
the following seven constituents in the order of their fre- 


1939 


quency: monocalcic aluminate, gehlenite, magnetite, pen- 
tacalcic trialuminate (unstable), solid solution of 2CaO-- 
Fe,O; with 4CaQ-Al,O;-Fe,O;, solid solution of CaO-- 
2Fe,0; with CaQO-Al,O;-2Fe,0;, and perovskite. The 
properties of these constituents differ in the fused state 
from those in the pure state; they are discussed in detail. 
The crystalline structure of the fused cement is not uni- 
form but varies rapidly from zone to zone, the coarsest 
grain usually being in the center. After 1 day, the tensile 
strength was 40 kg./sq. cm. and the compressive strength 
was 600 kg./sq. cm.; after 28 days, the respective values 
were 50 and 800 kg. /sa. cm. : 
Portland cement constitution: III]. K. Koyanaci, S 
Katou, AND T. Supon. Zement, 27 [50] 785-88 (1938). -- 
Cements with various MgO contents were investigated by 
the X-ray method. Even with a small content (2.03% 
MgO), the typical lines of free MgO are noticeable. The 
four principal components of clinker and MgO are the only 
detected compounds. A large amount of MgO remains 
free in the cement. For Part II see Ceram. Abs., 18 [1] 8 
(1939). F.E.V. 
Supersulfate cement. ANon. Chem. Age [London], 40 
23 (1939).—Supersulfate cement combines the mechanical 
properties of the best Portland cement with the chemical 
properties of alumina cement, without the high cost and 
large heat of hydration of the latter. The cement is pre- 
pared from blast-furnace clinker granulated by rapid chil- 
ling with a small quantity of slaked lime and a larger quan- 
tity of calcium sulfate. In principle, the sulfuric anhy- 
dride (SO;) content should be over 5%; in practice it is 
7 to 8%. The chief constituents are silica 25 to 26, 
alumina 11 to 13, iron oxide 0.7 to 1.7, lime 43 to 45, and 
magnesia 2to3. In tests carried out by the laboratory of 
the Société Anonyme des Ciments de Thieu, samples of 
its supersulfate cement (Sealithor) were subjected for five 
years to the standard Le Chatelier-Anstett test for chemical 
resistance without being affected in any way. Similar 
samples of high quality Portland cements would be in a 
state of advanced decomposition at the end of three or four 
months. Sealithor was tested for its resistance to the ac- 
tion of sea water in the form of piles which were driven into 
the beach at various points along the seashore in such a 
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position that they would be exposed to the effect of the 
sea water and to that of the tide. The surface of the piles 
was hardened by the sea water through the formation of 
additional crystals of tricalcium sulfoaluminate. The ab- 
sence of free lime in supersulfate cement after it has set 
prevents the deleterious effect of saponifiable oils and 
greases which act on the free lime in normal cements and 
form soaps. Supersulfate cement expands very slightly 
on setting (0.089 mm./m.) instead of contracting as do 
most Portland cements; this is not enough to cause 
trouble and enables pieces to be cast exactly to the re- 
quired dimensions. Supersulfate cement has a much 
higher impermeability than Portland or alumina cement 
and shows no permeability to water after being subjected 
for 3 hr. to a water pressure of 15 atm.; consequently steel 
and iron reinforcements in the concrete made from this 
cement are rust protected. The mechanical strength 
(compression and tensile) of supersulfate cement is slightly 
greater than that of either Portland or alumina cement 
A.B.S. 


BOOK AND SEPARATE PUBLICATION 
A.S.T.M. Standards on Cement, 1938. AmeRICAN 
Society FOR TESTING MATERIALS, Philadelphia, Pa. 
100 pp. Price $1.00. The A.S.T.M. standard specifica- 
tions and test methods pertaining to cement are given. 
R.A.HEINDL 
Gypsum and anhydrite, 1938. Forrest T. Mover. 
U. S. Bur. Mines Information Circ., No. 7049, 45 pp. 
Free. M. presents the various methods of producing gyp- 
sum and anhydrite and processing them into products and 
gives a general picture of the gypsum industry. bibliog- 
raphy is included. R.A.H 
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Alkali silicate cement. Peter pe Leeuw (Carborundum 
Co.). Can. 378,943, Jan. 17, 1939 (Aug. 27, 1936). 
G.M.H. 
tus. for sintering cement, etc. 
U.S. 2,148,052, 


Process and a 
NIKOLAI AHLMANN (F. L. Smidth & Co.). 
Feb. 21, 1939 (Feb. 19, 1938). 


Enamel 


Development of industrial spray booths. Cari aoe 
CLEVELAND. Metal Ind. [N.Y.], 37 [2] 63-67 (1939).— 
presents an account of the development of spray —— 
from the small wooden cabinets to the efficient water-wash 
booths of the present day. The new spray booths are 
highly efficient, reduce fire hazards, permit reclaiming of 
pigments, and remove objectionable fumes not only from 
the spray room but from the outside neighborhood. 
Fourteen photographs illustrate the development from 
early styles to the most modern setups H.K.R. 

ground-coat enamels. R. ALpiINGER. /Jilusir 
Ztg. Blech-ind., 67 [13] 372-73; [14] 400-401 (1938); 
abstracted in Referat. Silikatliteratur, § [8] 5562 (1938). 
A series of defects can be produced by faulty drying and 
drying installations. The drying time is dependent on the 
temperature of the drying chamber and the water absorp- 
tion capacity of the air surrounding the bodies. When the 
air is saturated with steam, drying can be accelerated to a 
certain extent by raising the temperature, as the water ab 
sorbing power is augmented by temperature elevation. 
In all cases, the drying temperature must lie below the 
boiling point of water because the raw enamel coat is easily 
damaged if the evaporation of the water is too rapid. 
The drying temperature, which lies between 50° and 80°, 
and the humidity of the air are important; the drier the air, 
the more rapid is the drying. In the drying of enameled 
hollow ware, precaution must be taken to avoid the for- 
mation of the so-called water striae. These water striae 
are formed during the drying of hollow ware with narrow 
necks. With rapid evaporation, the air in the interior of 
the ware is supersaturated and drops of water are de- 
posited on the cooler edges. These drops run down and 


wash off the enamel. In order to avoid this defect, drying 
must be slow, and drawing the air supersaturated with 
steam from the interior of the hollow ware by suction is an 
advantage. In some plants steam-saturated air cools on 
the carriers, windows, and walls, depositing drops of water 
which may fall on the drying objects and damage them. 
H. Lang (Ceram. Abs., 17 [11] 348 (1938)) attributes other 
defects to too rapid cooling. M.V.C. 
Enameling copper and noble metals. Fritz. Glashiilte, 
68 [50] 858-60 (1938).—F. discusses the choice of metals 
for decorating enamel and the method of preparation of 
the metal surface which depends on the nature of the metal 
used. The production of decorating enamels and methods 
of application are dealt with. M.V.C. 
Fishscaling related to gas evolution in enameling. H 
HorF AND J. KiArpinG. Siahl & Eisen, 58, 914-16 
(1938).—The evolution of chemically bound water and 
gases during the fusion of enamel slip alone, on sheet steel, 
or mixed with an equal weight of steel chips was meas- 
ured on heating to 935°C in '/; hr. and during 1 hr. at 
that temperature. Dry nitrogen was passed over the 
samples in a boat heated electrically. Water was ab- 
sorbed in P,O, and the permanent gases were analyzed 
A universal enamel and a ground coat enamel were used 
(no analyses are given). About 1% of water was liberated 
from the enamel slip, previously heated at 110°C, upon 
heating to 935°C. From 5g. of enamel 2 to 3 cc. of CO, + 
H; were evolved; when the enamel was intimately mixed 
with steel chips, the volume of CO, and especially H, 
evolved was much increased. This is ascribed to the de- 
composition of steam by the iron. Under like conditions, 
the steel chips alone did not give any appreciable quantity 


| 


122 


of hydrogen. It is concluded that the hydrogen evolved is 
entrapped in the solidified enamel on cooling, the pressure 
— giving rise to fishscaling. Four tables and four 
figu L.R.B. 

“Fluidity of enamels at temperatures above the deforma- 
tion t. V. Emailwaren-Ind., 15 [38-39] 255-57 
(1938).—The deformation of enamels begins at a definite 
temperature, but the temperature continues to rise steadily 
until all the material is converted from the solid into the 
liquid state. This is in contrast with metals where the 
melting temperature remains the same until all the solid 
metal is changed to liquid before any further rise in tem- 
perature occurs. The temperature between the beginning 
of deformation and liquescence of enamels, which is called 
the fusing interval, is between 50° and 100°C and varies 
with different enamels. The deformation temperature of 
an enamel, which is known as the fusibility, can be deter- 
mined only by tests and temperature observations. V. 
describes a simple method for testing viscosity in which 
specimens of the enamel batch of the same specifications 
(dimensions and weight) are fused on a prepared metal 
sheet; the metal sheet is then set up at a certain angle and 
again heated for 10 min. at a definite temperature. Tests 
show that it is quicker to increase the viscosity of fused 
enamels by reducing the silicic acid than by adding more 
boric acid. M.V.C. 

Identity and amounts of fluoride crystals present in 
enamels. B. W. KING, JR., AND A. I. ANDREWS. Jour. 
Amer. Ceram. Soc., 22 [4] 123-33 (1939). 

Influence of utensils on heat transfer from range units. 
W. Georce SHort. Elec. Eng., 57 [11] 449-52 (1938).— 
Four types of electric heating coils and six types of flat- 
bottomed pans were compared by plotting percentage over- 
all efficiency against elapsed time. The pans used were 
black-bottomed aluminum and enamel, bright-bottomed 
aluminum and stainless steel, white enamel, and glass. 
In general, the black-bottomed aluminum container showed 
the best over-all efficiency on each burner, closely followed 
by the black-bottomed enamel pan. In nearly every case, 
the glass and white enamel containers showed the least 
over-all efficiency, which was a reduction of around 20%, 
62% being the highest recorded. P.G.H. 

Loss by of sodium fluosilicate. VIELHABER. 
Emailwaren-Ind., 15 [37] 247-49 (1938).—A whole series of 
enamel raw materials lose weight during melting, either be- 
cause of the evaporation of the water of crystallization 
(borax), carbonic acid (soda), or fluoride (cryolite, sodium 
fluosilicate, etc.). Since the water of crystallization and 
carbonic acid evaporate almost entirely, their loss can be 
determined beforehand, but the loss of fluorides during 
firing can not because the quantity lost depends on the 
kind of batch, firing time, and temperature. Aluminum 
fluoride has the greatest loss during firing, followed by so- 
dium fluosilicate, fluorspar, cryolite, and sodium fluoride. 
Sodium fluosilicate (Na:SiFs) has long been used as a 
cheap substitute for cryolite; while the loss on firing of the 
latter is usually not important, as much as 50% sodium 
fluosilicate may be lost on firing. This loss decreases 
with decreasing boric acid content but becomes appreciable 
only if there is no boric acid present; few enamels can be 
worked without boric acid. M.V.C. 

Materials replacing borax. Emailwaren- 
Ind., 15 [42-43] 279-80 (1938).—It is not yet possible to 
replace borax completely. The lowest limits are 10% 
additions of boric acid for sheet-iron ground enamels and 7 
to 8% for sheet-iron coating enamels. VV. discusses various 
suggestions for lowering the borax content. M.V.C. 

Pot shots. ANon. House & Garden, 75 [1, Sect. 1] 
42 (1939).—Enamelware pots designed to fit electric range 
units are described. Black bottoms conduct heat rapidly 
and conserve fuel. Chefs prefer enamelware as it does 
not discolor foods. J.F 

Progress in welding during the last half of 1937. Wi- 
HELM LOHMANN. Stahl & Eisen, 58, 323 (1938); trans- 
lated in Welding Jour. [N. Y.], 17 6] Supp. 9-13 (1938). 
First half of 1938. Stahl & Eisen, 58, 976, 1007 (1938). 

L.R.B. 

Synthesis of enamels on basis of quantity of raw ma- 
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terials and their cost. RicHARD ALDINGER. Glashiitte, 68 
[48] 825-28 (1938).—-A new enamel formula is based on a 
formula type and after several attempts it is possible to 
develop a more appropriate formula. During these at- 
tempts the relative proportions of different compounds and 
raw materials with regard to weight and cost of each ma- 
terial should be taken into consideration. These two fac- 
tors solved satisfactorily will give a formula satisfactory 
with respect to quality and cost. Several concrete ex- 
amples are given. Two diagrams are used, one giving the 
relative weight of the raw materials used in the formula and 
the other, the relative price of the materials. M.V.C. 
Thermal-expansion characteristics of some ground-coat 
enamel frits. Wi_L1aAM N. Harrison, BENJAMIN J. SWEO, 
AND STEPHEN M. SHELTON. Jour. Research Nat. Bur. 
Standards, 22 {2} 127-36 (1939); R-.P. 1172. Price 5¢. 
Thermal-expansion determinations were made on 11 sheet 
iron ground coat frits of the single-frit type, using the in- 
terferometer and a quartz tube dial indicator apparatus. 
“Critical’’ temperatures for both heating and cooling were 
determined. Mean coefficients of expansion from 25° to 
400°C and total contraction from the critical temperatures 
to 25°C during cooling were correlated with variations in 
composition. Total differential contractions between 
the enameling-type iron and the frits were also computed 
and correlated with variations in composition. Constants 
were determined which, when substituted in simple first 
order equations, permit the computation of the expan- 
sivity of each frit at any temperature or temperature in- 
terval between 25°C and the critical temperatures. The 
observed difference in the critical temperature on heating 
and on cooling, the difference in the temperature-expansion 
curve of highly strained specimens below the critical 
temperature in heating, and the shrinkage of annealed 
specimens when held 30°C below the critical temperature 
for heating are explained by the work of Tool, Lloyd, and 
Merritt on glass (Jour. Amer. Ceram. Soc., 13 [9] 632-54 
(1930)). R.A.H. 
Uranium compounds and ceramics. A. Esme. Aregile, 
No. 190, pp. 5-7 (1939).—In ceramics and glassmaking the 
important uranium compounds are the oxide and the alka- 
line uranates derived from it. Sodium uranate gives a 
beautiful yellow coloration with green reflections; in 
reducing fire it colors enamels yellow, orange, and even 
reddish. Fluorescence is green. In oxidizing fire the 
color turns to green or black. Fluorescent enamels with a 
uranium base have a superb luminosity and should be de- 
veloped. The alkaline salts of uranic acid, UO;H,O, are 
obtained by the dry process, e.g., by the fusion of green 
uranium oxide, U;Os, with alkaline chloride in excess or a 
mixture of alkali chloride and carbonate. Brilliant yellow 
particles insoluble in water are usually formed. At pres- 
ent, production exceeds consumption. Uranium com- 
pounds are toxic. A study should be made of fluorides of 
uranium for obtaining beautiful colors and luminescence in 


enamels. See ‘“‘Natural—,” Ceram. Abs., 18 [4] 112 
(1939). M.V.C. 
PATENTS 
Enameling. EraptissemeNtTs M. C. B. & VERITABLE 
ALTER. Fr. 829,823, July 7, 1938; Chem. Abs., 33, 1465 


(1939).—The enamel is blown in powder form through a 
flame which carries the powder to its fusion temperature 
and then on to the metal to be enameled. 

eling iron. IGNaz Kreripi. Austrian 154,144, 
Aug. 25, 1938; 48 c; Chem. Abs., 33, 1120 (1939).—En- 
amels for direct application to Fe are improved by adding a 
substance which, when the enamel is fired, evolves a gas 
which is not reduced by the C in the Fe, e.g., tar, pitch, 
or aresin. The added substance may act also as an opaci- 
fying agent for the enamel. 

Enamels. IGNAz Krerpi_. Fr. 828,872, June 1, 1938; 
Chem. Abs., 33, 1120 (1939).—White opaque enamels are 
produced on Fe by incorporating in the enamel substances 
which will liberate or give by combustion, during the heat- 
ing, gases nonreducible or difficultly reducible by the C 
contained in the Fe. 

Manufacture of enameled and glazed products. W. W 
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Groves (I. G. Farbenindustrie A.-G.). 
March 8, 1939 (Aug. 27, 1937). 
Tile. N.M. FREEMAN AND C. H. Kors. 


Brit. 501,210, 
U. S. 2,148,- 
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858, Feb. 28, 1939 (April 24, 1934; Oct. 19, 1937).—A flat 
rectangular body member having downwardly extending 
sides. 


Glass 


Angle of fracture of glass. J. Boow. Jour. Soc. Glass 
Tech., 22 [93] 261-67T (1938).—The breaking strength 
values derived from tests on 400 standard-size specimens, 
fire-polished by annealing, were analyzed to investigate 
the relation between the strength and the type of fracture 
obtained. In the case of the V-type fracture, about one- 
fifth of the variation in the values can be traced to varia- 
tions in the angle of forking. B. discusses the possibility 
of the whole of the variations being due to differences in 
the type of fracture. G.R.S. 

Bibliography on gases in glass. ANON. Glass Ind., 19 
[12] 456-58 (1938).—A list of 71 references on the subject 
of gases in glass is given. E.J.V. 

Calculation of rates of displacement in viscous bodies 
under applied stress. Erratum and correction. R. W. 
Dovcias. Jour. Soc. Glass Tech., 22 [93| 259T (1938); 
see Ceram. Abs., 18 [1] 15 (1939). G.R.S. 

Clouding of soda-lime-silica glass in atmospheres con- 
taining sulfur dioxide. J. N. Cowarp anv W. E. S. 
Turner. Jour. Soc. Glass Tech., 22 [93] 309-23T (1938).— 
Specimens of a glass of percentage composition SiO, 72.3, 
R,O; 1.2, CaO 9.4, MgO 1.3, Na,O 15.1, and SO; 0.2 were 
heated for standard periods of time at temperatures from 
250° to 675° separately in atmospheres of sulfur dioxide 
and air. In sulfur dioxide, a slight film could be detected 
after 2 hr. at 250°, and the weight of deposit increased with 
temperature. Repetition of the treatment at any one 
temperature resulted in a less dense and finer deposit, but 
after the second treatment, continued repetition led to 
films only slowly diminishing in total weight and fineness 
of grain. The film was completely and readily soluble in 
water. Only sodium sulfate (no sulfite or bisulfate) was 
detected. A low concentration (1% by volume) of sulfur 
dioxide in air was sufficient to yield marked films. The 
character of the deposit is illustrated by photomicrographs. 

G.RS. 

Color of mosaic powder films. A. H. Prunp. Jour. 
Optical Soc. Amer., 29, 10-15 (1939).—When white pig- 
ment particles (TiO,., ZnS, etc.) are deposited on glass in a 
mosaic layer one particle deep, brilliant colors may be ob- 
served in transmitted light. An improved preparative 
technique is described. Spectral transmission — are 
given for pigments of varying particle = 

Color reproduction of incandescent lamps and *Phili- 
phane P. J. Bouma. Phillips Tech. Rev., 3 [2) 
47-49 (1938).—Philiphane or Neophane glass is a glass 
which has an absorption band in the yellow region of the 
spectrum. By using this glass as an envelope for the bulb 
of an electric lamp, most of the colors, particularly the 
blue, are reproduced with greater saturation. Thus, 
orange-yellow is warmer; the faded blue and the shift of 
yellow toward yellow-green found in incandescent lamps 
are partially overcome while the advantages are retained, 
t.e., high saturation of orange and associates and greater 
intensity of red. As a result color is reproduced better 
than by ordinary incandescent lamps. The loss of light 
flux is 20%. H.K.R. 

Contamination of glass by fatty substances. N. V. 
SurkovsKaya. Opttko-Mekh. 4 ~~ i 7 [12] 13-14 (1937); 
abstracted in Chem. Zentr., 19$8, II, 2633.—The research 
of Mérigoux (Ceram. Abs., ‘17 [4] 137 (1938)) is See 


Crystallization of glass. A. P. HOLLAND AND E. PRes- 
Ton. Abstracted in Chem. & Ind., 58 [2] 33-34 = 


Determination of the molecular weights of the aggre- 
gates in soda-lime-silica glasses at high temperatures. 
P. Grarp, L. Dusrut, AND D. Crespin. Bull. Soc. Roy. 
Sciences Liége, 1938, No. 3-4, pp. 195-98; Jour. Soc. Glass 
Tech., 22 [93] 298'4 (1938).—Using the formulas B = 


d(log n) 
d(i/Ty’ 
7 = viscosity in poises, T = absolute temperature, C = 
constant 0.0213, c = specific gravity, and p = density, a 
nomogram was derived for calculating molecular weights. 
Figures for five soda-lime-silica glasses are given. 
Different sands used in gla .  Lupwic 
SPRINGER. Sprechsaal, 71 [39] 477-79 (1938).—When 
using sands with large grains, care should be taken that 
the batch is well mixed; a 3 to 4% humidity is favorable. 
The shape as well as the size of the grains is important; 
if the grains are spherical, the contact surfaces are smaller 
and the melting proceeds more slowly. In this case, the 
operation is greatly facilitated by the addition of several 
kilograms of sodium carbonate, saltpeter, or borax for 100 
kg. of sand. Fluorspar in the same proportion is also 
an excellent flux and refining agent. M.V.C. 
Early development of bottlemaking machines in Europe 
W. E. S. Turner. Jour. Soc. Glass Tech., 22 [92] 250- 
58T (1938).—T. outlines the period from 1860 to 1900 
Tables give lists of firms in England operating bottle ma- 
chines, semiautomatic and jar making machines in Europe, 
and Schiller semiautomatic bottlemaking machines in 
Europe. The dates of the first installation of Owens bottle 
machines in different countries are given. G.R.S. 
Effect of pressure on the viscosity of boric anhydride 
ss. E. B. Dane, Jr., AND F. Brrcw. Jour. Applied 
hysics, 9, 669-74 (1938).—The effect of pressure on the 
viscosity of B,O; glass was determined by a high-pressure 
capillary flow method up to about 2000 kg./cm.? at 516° 
and 359°C. The ratio of the viscosity at 1000 kg./cm.? 
to the viscosity at 1 atm. is 1.58 at 516° and 4.48 at 359°. 
A.P. 
Gas analysis in glass bubbles. L. B. PoLyakova. 
Stekolnaya Prom., 14 [7] 26-27 (1938).—The glass bubble 
is measured and then treated with (1) a glycerine solution 
of KOH to absorb CO,, (2) a “‘pyrogallol” solution to ab- 
sorb O:., (3) CuCk to absorb CO, and (4) colloidal pal- 
ladium to absorb Hy. The undissolved residue represents 
N2. The diameter of the bubble is measured to determine 
the composition of gas present in it. The formula used is 
= 


xX 100, where d, is 


(Mey and B = where M=molecular weight, 


content of absorbed gas (%) = 100 — 


the diameter before absorption and a.’ is the diameter after 
absorption. M.V.C. 
Gases and bubbles present in glass. A. A. APPEN AND 
L. B. Potyakova. Stekolnaya Prom., 14[7] 18-21 (1938).— 
In the absence of refining agents during the melting of glass, 
bubbles containing 80 to 100% CO, (when a carbonate batch 
is used) are formed. They are very small and remain in 
the melt in the form of seeds. With the introduction of 
As,O; and Sb,O; into the batch, the bubbles contain 30 
to 40% oxygen and 70 to 60% CO, and are very small. 
The introduction of 0.5% As:;O; or Sb,O; with nitrate 
salts radically changes the composition of the gases in the 
bubbles and the process of purification. In this case, the 
characteristic composition of gases is 80 to 90 O:, 5 to 
10 CO, and 5 to 10% nitrogen. All the bubbles are 
relatively large (0.5 to 2mm.). When sulfates or chlorides 
are used as refining agents, the bubbles in the cooled glass 
are almost empty in the sense of gas content, but their 
surface shows a residue of a hard material. This residue 
occurs when the melt is cooled and results from the conden- 
sation of the gaseous content of the bubbles (vapors of 
chlorides, SO, + O:). Indirect data show that the bub- 
bles do not contain water steam in considerable amounts. 
The composition of gases in bubbles formed during firing 
does not change during the process of melting. No hy- 
drogen or CO is detected in bubbles. With regard to 
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bubbles escaping during firing, the basic conclusion is that 
refining agents radically change the composition of gases 
in the bubbles; in the presence of an effective refining agent 
the bubbles contain chiefly the gas whose source is the re- 
fining agent. The characteristic gases of small bubbles 
of finished optical glasses are nitrogen and carbonic acid. 
Bubbles are detected which are almost completely com- 
of an insoluble residue (nitrogen). The majority 
of these bubbles are formed from pores of the grog body. 
Bubbles containing up to 99% CO, are often found al- 
though no carbonates are present. They are probably 
formed as a result of soot falling into glass or are due to 
an interreaction of the glass mass with CO, of the furnace 
atmosphere and subsequent decomposition of the reac- 
tion products. Bubbles found in the finished cooled glass 
are radically different in gas composition from the bubbles 
escaping from the melt during the firing of the glass. 
M.V.C. 

Glareless glass. ANON. Gen. Elec. Rev., 42 [2] 94-95 
(1939).—An illustrated description is given of a glareless 
glass, t.e., a glass which has been dipped into a glare-elimi- 
nating coating. Such coatings, or skeleton films, are made 
with barium stearate or cadmium arachidate of infinitesi- 
mal thickness. They increase the transparency of the glass 
and kill the reflections. LT. 

Glass fiber enters electrical insulation field. ANon. 
Elec. World, 110 [21] 40-42, 110 (1938).—Glass fiber with- 
stands severe conditions of acid, oil, corrosive vapor, and 
high temperature. Limitations are imposed by impreg- 
nating resins which are generally satisfactory up to 125°C 
but are known to deteriorate in long service at high tem- 
peratures. Glass fiber is especially adaptable in the fabri- 
cation of materials (such as tapes and wires) where the 
thickness of insulation may be greatly reduced. 

E.H.McC. 

Glass, laminated. Navy Department, Washington, 
D.C. U.S. Navy Specification 12G5e Amendment, June 
1, 1938; Chem. Abs., 33, 1112 (1939). 

Glass, laminated (for aircraft use). War Department, 
Washington, D. C. U. S. Army Specification 81-11C, 
April 28, 1938; Chem. Abs., 33, 1112 (1939). 

Glass, optical, for fire-control instruments. War De- 
partment, Washington, D.C. U.S. Army Specification 
51-70-3, Feb. 18, 1938; Chem. Abs., 33, 1111 (1939). 

Glass spun yarn and its utilization. Hans FReyrac. 
Rundschau deut. Tech., 18 [47] 3-4 (1938); Chem. Abs., 
33, 1111 (1939).—F. describes the Gossler process and the 
centrifuge method and blowing process of the Owens- 
Illinois Glass Co. The uses of these glass spun yarns, 
especially in Germany, are described. 

Ligh ANON. House & Garden, 75 (3, Sect. 2] 24-25 
(1939).—Built-in lighting fixtures utilizing flat glass are 
described. Laboratory consultation obtained scientific 
results meeting the standards of the Illuminating Engi- 
neering Society. J.F. 

London glass blowers. ANoN. Aris & Dec., 48 [2] 
9-10 (1938).—James Powell & Sons, under the trade name 
of Whitefriars, are using practically the same method as 
that used in 4000 8.c. Only sand which is powder-fine and 
almost silver in color, found in the Fontainebleau Forest, 
is used in the Whitefriar glass. The percentage of Fon- 
tainebleau sand has not varied for hundreds of years. 
The range of colors includes sea-green, sapphire, emerald, 
and golden amber; a lacy design is used. A huge stained- 
glass window, made in a day, is in St. Thomas’s Church, 
N. Y. The manipulation and blowing of the molten 
glass is simply and clearly explained. L.F.M. 

Manufacture of enamel for decorating glassware. 
V. I. Panasyux. Stekolnaya Prom., 14 [10] 18-22 (1938). 
—P. deals with the composition and manufacture of colored 
enamel for decorating glassware in Russia. M.V.C. 

Nature of glass: Interpretation by X-ray studies. B. E. 
WarrREN. Glass Ind., 19 [8] 294-95 (1938).—xX-ray 
studies have been helpful in establishing a picture of the 
glassy state in the following two ways: (1) the X-ray de- 
termination of the structure of crystalline silicates has led 
to the formulation of certain simple laws of structural 
silicate chemistry which are of great help in predicting the 
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type of atomic arrangements to be expected in glass; (2) 
the direct interpretation of the X-ray diffraction patterns 
for glass has given the interatomic distances and the num- 
ber of atoms of one kind surrounding another kind in the 
glass. The tetrahedral grouping of four oxygens about 
each silicon in all condensed forms of silicates is the most 
fundamental law of structural silicate chemistry. Expla- 
nations of the electrical conduction of glass and the lower- 
ing of the softening temperature by the addition of soda to 
silica are presented on a structural basis. Summary. 
G. W. Morey. Jbid., pp. 295-96.—M. defines glass as an 
inorganic chemical substance in a condition continuous 
with and analogous to the liquid state of the substance 
but which has reached such a high viscosity as to be prac- 
tically rigid. Interpretation by light absorption. W. 
Wevt. IJbid., p. 296.—In glasses a more or less pronounced 
volume change can take place only above the softening 
range, so that the expansion curve of an ordinary annealed 
glass is a superposition of the thermal expansion and an 
expansion due to a dissociation at high temperatures. In 
terms of the more modern conception, there is a change in 
the coérdination number. Light absorption (color) and 
light emission (fluorescence) provide a sensitive means for 
investigating such changes in association or in the co- 
ordination number of an indicator introduced into the 
glass. The application of indicator ions for studying the 
change in the constitution of glass with temperature and 
with different heat treatment is shown for neodymium, 
chromium, cobalt, and nickel glasses. It is possible to 
draw analogies between these ions in glasses, in solutions 
of different solvation power, and in crystals of a different 
coérdination number. On this basis, the effect of different 
cations in silicate glasses is explained and is correlated 
with their influence on viscosity, expansion, and tendency 
to cause devitrification. Interpretation by viscous proper- 
ties. H.R. Litre. Ibid., pp. 296—-97.—The flow caused 
by shearing stress is the result of a breaking and remaking 
of the bonds which hold together the integral parts of the 
system. Any increase in viscosity caused by time or tem- 
perature, in the absence of pronounced change in struc- 
ture, must be the result of a statistical strengthening of 
these bonds. Viscosity is, throughout the measurable 
range of temperatures, a property not only of great im- 
portance to the manufacturer but also of fundamental in- 
terest. In addition to its significance as a property, it is a 
controlling factor in preventing the growth of crystals in 
the region directly below the liquidus temperature. Vis- 
cosity measurements in the region directly below the an- 
nealing point led to the following conclusions: (1) time 
becomes an important factor in determining the observed 
viscosity as well as other properties; (2) this dependence 
of viscosity upon time gives rise to the empirical accuracy 
of the Adams and Williamson annealing law; (3) the 
transformation point must be interpreted as the tempera- 
ture at which the lag between temperature and adjustment 
of the atomic bonding becomes appreciable; the glassy 
state must be interpreted as a liquid state in which condi- 
tions are far removed from equilibrium; (4) in order to 
measure a property of glass at essentially its final equi- 
librium values, 2 hr. should be allowed for 0°C below the 
—- point, 16 hr. for 10°, 100 hr. for 20°, 20 days for 

, and 100 days for 40°. Viscosity measurements have 
wdded little so far to the knowledge of glass constitution due 
to the circumstance that, if present concepts of the na- 
ture of the vitreous network are correct, viscosity discon- 
tinuities, etc., with temperature or composition must be 
absent or results derived in this way must be negative. 
Even so, they are of value in explaining various other 
properties of glass and, by their negative nature, add a 
silent confirmation to the concept. The observations do 
not in any way contradict the concept of Warren of a 
random network of crystallites or ‘“‘compounds’’ and 
further support the contention of Littleton that ‘‘there 
are no critical temperatures in the properties of glasses.”’ 
Interpretation by devitrification. H.H. Brau. Jbid., pp. 
297-98.—The commoner definition of devitrification may 
be extended so as to embrace the separation of a second 
additional phase from a glass, whether that additional 
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phase is definitely crystalline or not. Thus it may be 
interpreted to include the separation of disperse phases, 
since this constitutes a departure from the continuous, 
homogeneous, isotropic, single-phase substance ordinarily 
considered as true glass. Phase-equilibrium studies are 
the usual approaches to the study of devitrification phe- 
nomena. Phase-equilibrium diagrams indicate the ul- 
timate crystalline form that separates from a glass when it 
is cooled at an infinitesimally slow rate but do not give 
clues as to the first form of association which may take 
place. These diagrams indicate dissociation but do not 
give convincing proof that no compounds are present. 
More direct information can be obtained about the pos- 
sible constitution of glasses from the standpoint of kinetics 
than is possible from equilibrium studies. Curves for 
crystalline growth can be reconciled with the require- 
ments of thermodynamic equilibrium data, such as liq- 
uidus values. Association and devitrification are. similar 
in fundamental character and there is probably no very 
definite line of distinction between them in glasses. They 
markediy influence the general behavior of glasses. Even 
devitrification can not be precluded as the explanation of a 
number of the unusual features of common transparent 
glasses, and the presence of definite and periodic arrange- 
ment to an important degree is entirely plausible L the 
light of existing information. E. 

Opti s. Oscar Knapp. Glass Ind., 19 
465-68 (1938).—Optical glasses should divert the direction 
of white light rays without chromatism. The qualities 
of optical glasses are characterized by refraction and dis- 
persion. The refractive index is the relation of the sines 
of the incident and refracted rays. The measure of the 
mean dispersion is the difference of the refractive indices 
for the red and blue spectral colors. Both qualities are 
simultaneously expressed by the Abbé value y, which 
gives the relation of the refractive index, based on helium 
light minus one, to the mean dispersion. The optical 
position of the optical glasses is given by the refractive 
index, the mean dispersion, and the Abbé value. Optical 
glasses must fulfill several chemical requirements which 
must be taken into consideration in their melting. These 
requirements are as follows: (1) the glass composition must 
insure the required optical position, t.e., the refraction and 
the dispersion, the values of which must be precisely con- 
stant for every melt of every glass; (2) the batch must de- 
liver, at normal furnace conditions, an easily meltable 
glass of sufficiently low viscosity; (3) the glass should not 
devitrify, even upon long annealing; (4) the glass, even in 
large pieces, must be as colorless as possible without the 
necessity of using decolorizing agents such as manganese 
dioxide or selenium; (5) the properties respecting grind- 
ing and polishing of the glasses must be advantageous; 
(6) the glass must be durable to withstand the action of 
the atmosphere and maintain its surface undimmed after 
long usage and under all climatic conditions; in some 
cases when extreme optical values are required, it is pos- 
sible to melt glasses with only poor durability and to pro- 
tect them by durable optically neutral glasses; (7) the 
glasses must be free of bubbles. In K.’s description, the 
nomenclature of optical glasses is based on chemical com- 
position and on their optical data. The glasses are classed 
as (1) crown glasses, the Abbé values of which are more 
than 55.0; (2) transition glasses, the Abbé values of which 
vary between 50.0 and 55.0; and (3) flint glasses with 
Abbé values below 50.0. The various types of optical 
glasses together with their compositions and optical char- 
acteristics are presented. The many special precautions 
necessary for the production of satisfactory and faultless 
optical glasses are emphasized in a description of the manu- 
facturing process. See Ceram. Abs., 17 [11] 351 aK) 


Pot shots. ANon. House & Garden, 42 
(1939).—Glassware for top of stove cooking is described. 
Glassware simplifies cooking and cleaning. Mineral de- 
posits forming from hard water will not accumulate on 
glass. J.F. 

Progress of glass technology under the auspices of the 
Glass Delegacy during 1937-1938. ANnon. Jour Soc 
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Glass Tech., 22 [93] 324-32T (1938).—The twenty-second 
annual report of the work carried on by the Department 
of Glass Technology is given. G.R.S. 

Radio insulators, ceramic and vitric. War Department, 
Washington, D. C. U. S. Army Specification 71-229D, 
May 2, 1938; Chem. Abs., 33, 1111 (1939). 

Réle of gases in :L Oxygen. W. Wevt anp A. G. 
Pincus. Glass I 19 [7] 255-58 (1938).—Gas in glass, 
visible as bubbles, obviously affects the appearance, light 
transmission, and the strength of the final product. The 
invisible dissolved gases also play an important part in 
rate of vitrification, fining, color and decolorization, vis- 
cosity, tendency to devitrify, afterworking, and other 
characteristics of glasses. Gases are present because of 
the incomplete decomposition of certain batch materials 
or because the glass, being a supercooled liquid, remains 
supersaturated with the gases. In either case, a state of 
nonequilibrium exists. Longer heating in the fining 
range would favor continued evolution of the gases down 
to a theoretical equilibrium at nearly 0% gas content. 
The means of following the invisible reactions in the melt 
are as follows: (1) meltings in a furnace permitting high 
pressures of the gas being studied, (2) the use of coloring 
oxides as indicators, (3) manometric measurements of var- 
iations in the pressure of the evolving gas, (4) chemical 
analysis for special compounds of gas and oxide, and (5) 
mineralization studies of induced crystallization. The im- 
portance of the réle of dissolved gases in fining and de- 
colorization is well illustrated by the reactions of oxygen 
With a pure soda-lime glass, there is no substance present 
which can retain oxygen, but with the introduction of 
fining agents, coloring oxides, and lead and barium, glass 
melts can take on as well as give off oxygen, and the com- 
plexity of the melting reactions is greatly increased. 
The magnitude of the oxygen pressure within the glass 
depends upon the composition of the base glass and the 
temperature. Saltpeter, arsenic, and antimony oxides are 
discussed as the main oxygen-producing agents. The 
mechanism of fining is explained, and the oxygen balance 
in barium and lead glasses, oxygen from saltcake, and oxi- 
dation-reduction equilibria are discussed. It is essential 
to maintain an oxygen balance in both the melt and the 
product for control of fining, decolorization, and color. 
II, Carbon dioxide evolution and method of following reac- 
tions in the batch. Jbid., [9] 347-49.—The elimination 
of carbon dioxide as completely as is practical after its 
function in the melting process has been completed is 
desirable as, if this gas is not eliminated, it complicates 
fining and may reappear in the form of seeds during any 
subsequent reheating of the glass. The reactions between 
carbonates and silica are discussed, showing how the re- 
action between the two in the liquid state brings about the 
liberation of CO, as the silica is dissolved and how, on 
complete solution of SiO,, the first homogenizing step has 
been passed. Methods of eliminating the CO, in the glass 
include stirring, continued heating, application of a slight 
vacuum, using fining reagents, and the use of ultrasound 
waves. Methods for following reactions in a glass batch 
include chemical-analytical work, microscopic and X-ray 
studies, manometric measurements to determine the 
amount of gas liberated, and electrical conductivity meas- 
urements for determining the first occurrence of a liquid 
phase. Gases in glasses have been determined by the 
generally known methods of gas analysis, by a micro- 
method used by Enss, and by the spectral analysis of the 
gases. III, Water. Jbid., [11] 417-19.—Water can be 
introduced into a glass melt either from the furnace atmos- 
phere or through the batch materials. In the furnace at- 
mosphere the water vapor may have been derived from the 
batch, from atmospheric humidity, or from the combus- 
tion of the fuel. In the batch, the H,O may be conveni- 
ently classified into liquid water and chemically combined 
water. The former should, in general, volatilize at 300°C, 
while the latter may be retained in the crystals and the 
melt to much higher temperatures, in some cases above 
1000°C. The temperature at which the water is re- 
leased from the batch materials depends upon the strength 
of the forces restraining it from vaporization. For water 
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to be retained in a melt at the high temperatures of melting 
and fining, a material, ¢e.g., alumina or boric oxide, which 
can retain it at 1000°to 1400°C should be present. Water 
participates in the melting process in the following ca- 
pacities: (1) the vaporization of the liquid water takes 
place at a low temperature; (2) during the next stage of 
glassmelting (solid-phase reaction between carbonates and 
silica) water can also play the controlling réle; (3) with 
the reaching of the melting stage water acts as a fining 
agent and as a reactant. Minute proportions of water 
can have an important effect on the formation and 
properties of glasses by functioning as mineralizers. The 
amount of water in glass may be determined by the analy- 
sis of gases evolved in melting in a vacuum ace. IV, 
Miscellaneous gases. Jbid., [12] 455-56.—-Gases can also 
react with glass after it has reached a rigid condition, as in 
the annealing furnace between the glass surface and vapor- 
ized compounds of sulfur. The action of the sulfur gases 
from the fuel on the alkali of the glass improves the chemi- 
cal durability as a result of the leaching of the alkali. The 
picture of the reactions between gases and solids involves 
a series of overlapping phenomena: (1) physical or chemi- 
cal adsorption of a monomolecular layer of the gas on the 
solid’s surface; (2) transportation of the gas molecules 
from ion to ion within the solid; and (3) the definite solu- 
tion of the gas when it is strongly attracted to some con- 
stituent of the solid. Fluorescent glasses are produced 
by the isolation of fine-grained molecules of certain sub- 
stances, such as silver, cadmium sulfides, selenides, etc., 
so that each is free to emit the absorbed energy as light 
instead of having it turned into heat. See “‘Behavior—,”’ 
Ceram. Abs., 17 [6] 214 (1938). E.J.V. 
Safety glasses. Brrnarp Lonc. Verre & Silicates 
Ind., 10 {1} 2-5; [2] 13-17 (1939).—The two important 
groups of safety glasses are (1) those having optical prop- 
erties which absorb selectively certain harmful radiations, 
and (2) those having exceptional protective mechanical 
properties. In the first group, cadmium sulfide glasses 
offer protection against glare. The transmission curves 
of cadmium sulfide glasses to which small quantities of 
selenium have been added are characterized by an abrupt 
fall in the short-wave field. These glasses eliminate 
ultraviolet, violet, and most blue radiations which do not 
aid visibility and are principally responsible for glare. 
The transmission factor for green and yellow radiations is 
high, and in white light, the total transmission factor is 
80% for lemon-yellow glass and 65% for gold-yellow glass. 
The curve of an orange glass of cadmium sulfide and sele- 
nium which eliminates the green radiations but is trans- 
parent to yellow radiations is given. To prevent visibility 
from the air during night air raids for places which must 
be lighted at night, a combination is suggested which 
consists of a yellow light furnished by an industrial sodium 
lamp encased in a certain blue-green safety glass which ab- 
sorbs wave lengths between 5.700 and 5.900 A but has,a 
great transparency for green radiation, especially 5.500 
for which the eye normally has maximum sensitivity; it 
absorbs most red radiation also. For protection against 
X-rays, glasses with a high content of heavy oxides (lead 
oxide or barium oxide) are used. To obtain a coefficient 
of protection of 28% with an extra-dense flint glass, a 
lead oxide content of 70% is necessary. A glass called Dy- 
mix, which is opaque to X-rays and contains neodymium 
oxide, absorbs radiations between 5.700 and 5.900 A and 
is transparent to radiations between 4.000 and 5.000 
and 5.360 and 5.600 A (green and yellow-green radia- 
tions). Because of its high absorption of yellow light it is 
used in the field of radioscopy. Among glasses used for pro- 
tection of vision in industry, a glass (Infra Rex) which 
absorbs most infrared radiations is used by electric welders. 
A dark glass with an iron and chrome oxide base (Fieuzal) 
is recommended where ultraviolet radiations are to be elimi- 
nated and intensity of visible light is to be reduced. Co- 
balt blue glasses which are still much used are a poor choice 
as they afford no protection against ultraviolet radiations 
and do not give a clear view of contrasts in the interior of 
furnaces because of their high transparency for red radia- 
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tions. By superposing two glasses, a cadmium sulfide 
yellow and a bluish green eliminating yellow and red radia- 
tions, a kind of ‘“‘monochromateur” for the green of the 
spectrum is obtained which insures excellent visibility in 
the interior of the furnace. Sandwich glass and hardened 
glass belong in the second group of safety glasses; when 
broken they cause no grave danger. Sandwich glass con- 
sists of two sheets of glass glued by a third layer of plastic 
material, the core, which holds the fragments of glass when 
broken. The manufacture of the world’s finest sandwich 
glass, Triplex, made at Longjumeau, is described. Hard- 
ened glass has an impact strength 5 times greater than 
ordinary glass, and when broken it splinters into small 
blunt and harmless fragments. It is characterized by a 
state in which the external layers of the glass are in com- 
pression and the internal layers are in extension which is 
the result of the manufacturing process of abruptly cooling 
a heated sheet of glass. M.V.C. 
Slow changes in the physical properties of glasses. E. 
Seppon. Jour. Sec. Glass Tech., 22 [93] 268-308T 
1938).—An investigation of the effect of time on the 
physical properties of glass at atmospheric temperatures 
showed that the electrical resistance of specimens of soda- 
silica glass, of the approximate composition 20Na,0, 
80SiO;, increased over periods up to three years. This rise 
in resistance is explained in terms of microscopic flow 
within the glass, 4.e., by readjustments of the atomic struc- 
ture, the initial form of which, as well as its rate of modi- 
fication with time, depends upon the previous thermal 
history of the sample. The present tests show that, after 
an initial period, there was a logarithmic relation between 
resistance and time similar to that found for other prop- 
erties by previous investigators, although some of the older 
tests were made at higher temperatures on glasses of dif- 
ferent chemical compositions. A brief review of available 
information is included. If flow at room temperatures is 
accepted as proved, the present soda-silica glass at all 
temperatures below its softening zone can be described as 
an undercooled liquid of high but finite viscosity, a de- 
scription which can be reconciled with present-day views 
of the structure of such glasses from X-ray examination. 
G.R.S. 
Strength of glass rods subject to stress. E. REXER. 
Z. Tech. Phystk, 20 [1] 4-13 (1939).—Glass rods from 
10 » to 1.4 mm. in diameter were tested. The strength 
depends greatly on the history of the samples. Internal 
stress has great influence on the strength. After quench- 
ing, glass rods show improved strength in comparison with 
ordinary glass rods. R. recommends the removal of the 
surface layer of glass fibers by etching in order to carry out 
tests of strength, etc. He suggests the use of etched fibers 
in glass fabrics because of improved strength. See “Ap- 
paratus—,” Ceram. Abs., 18 [1] 14 (1939). W.M.C. 
Tank practice. Percy HALLER. Glass, 16 [1]8(1939).— 
H. describes a procedure suitable for the identification of 
stones by inexperienced petrographers. The usefulness 
of chemical examinations and macroexaminations as aids 
to petrographic work is stressed. See Ceram. Abs., 18 
{2] 48 (1939). B.C.R. 
Temperature changes in a glass pot during the melting 
process. A. THOUVENIN. Céram., Verrerie, Email., 3, 
235-40, 309-14 (1935); Chem. Zentr., 1936, II, 355-56: 
Brit. Chem. & Phys. Abs—B, 57 [11] 1295 (1938).—The 
rate of rise of temperature is calculated from the specific 
heat of the glass and the radiation losses. 
Thermolux glass. ANON. Glaces & Verres, 11 [58] 
9-14 (1938).—The manufacturing process, physical prop- 
erties, and the applications of this type of compound glass 
are briefly described. See ‘‘Experiments—,’’ Ceram. Abs., 
17 [9] 303 (1938). R.W.D. 
Use of standard disks in the strain testing of ware. 
E. J. Goopinc. Jour. Soc. Glass Tech., 22 [92] 243-49T 
(1938).—By comparison with standard glass disks strained 
to a controlled amount, glassware was graded for degree 
of temper. The methods used in the preparation, calibra- 
tion, and use of the disks are described and their usefulness 
is assessed. The disks make possible much better agree- 


1939 


ment between different observers. They are not applicable 
to colored G.R.S. 
Viscosity of soda-silica glasses at high temperatures 
and its bearing on their constitution. Criticism and reply. 
Eric Preston. Jour. Soc. Glass Tech., 22 [93] 260T 
(1938); see Ceram. Abs., 18 [1] 18 (1939). G.R.S. 


SEPARATE PUBLICATION 


Glass as industrial and substitute material. G. Kep- 
PELER. Wirtschaftsgruppe Glasindustrie, Berlin. 28 pp. 
Reviewed in Referat. Silikatliteratur, 5 [8] 5520-21 
(1938).—The use of glass in industry may solve many 
technical problems, but glass can permanently replace 
other materials only if a careful study of conditions and 
requirements as well as the properties of glasses has been 
made. The following problems are discussed: composi- 
tion and properties, deformation, mass production, size 
and dimensions of pieces produced, improvement in prop- 
erties of glasses, and supplementary and auxiliary ma- 
terials. Illustrations show the industrial applications such 
as glass inserts in autoclaves, glass-lined electric hot water 
tanks, 80-liter reaction containers with glass covers and 
stirrers, glasspipe installations in dairies and breweries, re- 
frigerating chamber with glass conduits, glass conduits for 
acids and alkalis in chemical factories, and as glass wool, 
fiber, and spun glass insulations. M.V.C. 


PATENTS 

Apparatus for: 

Making glass fibers. Soc. ANON. DES MANUFACTURES 

pes Giaces & Propuirs CHIMIQUES DE Sr. GoBAIN, 

Cuauny & Crrey (G. Slayter and J. H. Thomas, ap- 

plicants in U. S.). Fr. 828,231, May 12, 1938; Chem. 

Abs., 33, 334 (1939). 

Making glass fibers. Soc. ANON. DES MANUFACTURES 

pes Giaces & Propuits CHIMIQUES DE Sr. GOBAIN, 

CHauny & Crrey. Fr. 829,629, July 1, 1938; Chem. 

Abs., 33, 1462 (1939). 

Making hollow glass articles. Lucien Gerpaup. Fr. 

829,261, June 17, 1938; Chem. Abs., 33, 1117 (1939). 

Removing the solvent from solutions of resilient sub- 

stances which are applied in considerable thickness to 

the single sheets of laminated glass for forming the non- 
splintering intermediate layers. Apo_F KAMPFER. 

U. S. 2,148,696, Feb. 28, 1939 (Jan. 23, 1935). 

Tempering glass. Soc. ANON. DES MANUFACTURES DES 

Guaces & Propuits CHIMIQUES DE St. GOBAIN, CHAUNY 

& Crrey. Fr. 828,604 and 828,647, May 24, 1938; Chem. 

Abs., 33, 336 (1939). 

Contact lens. Fernsioom. Can. 379,089, 
Jan. 24, 1939 (March 17, 1937; in U. S. April 6, Far 26, 
and Aug. 21, 1936). M.H. 

Electric furnace for melting glass. Soc. pone DES 
MANUFACTURES DES GLaces & PRopuITS CHIMIQUES DE 
Sr. Goparn, Cuauny & Crrey. Brit. 500,847, March 1, 
1939 (June 5, 1937); divided out of Brit. 500,803. 

Furnaces for electrically melting glass. Soc. ANON. DES 
MANUFACTURES DES GLacES & PRODUITS CHIMIQUES DE 
Sr. Gosparn, Cuauny & Crrey. Brit. 500,803, March 1, 
1939 (June 5, 1937). 

Glass composition. H. P. Hoop (Corning Glass Works). 
U. S. 2,148,621, Feb. 28, 1939 (Sept. 9, 1937).—A glass 
consists of 50 a. 60 SiO2, 10 to 20 Al,O;, 10 to 20 PbO, and 
10 to 20% M 

devices. J. 500,807, 
March 1, 1939 (Aug. 21, 1937). 

Glass fibers. Soc. ANON. DES MANUFACTURES DES 
Graces & Propurtrs Cumigues DE St. GoBAIN, CHAUNY 
& Crrey. Fr. 828,372, May 17, 1938; Chem. Abs., 33, 
334 (1939).—The construction of nozzles is described. 

Glassforming machine. FRANK O'NEILL (Owens-Illinois 
Glass Co.). U.S. 2,148,494, Feb. 28, 1939 (April 25, 1929). 

Graduated glass measuring vessels. P. F. Tayior. 
Brit. 500,630, Feb. 22, 1939 (Aug. 12, 1937). 

Guide and deflector for glass charges. J. W. Ross 
(Hazel-Atlas Glass Co.). U. S. 2,148,220, Feb. 21, 1939 
(Dec. 9, 1936). 


T. Woop. Brit. 


Glass 
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Heat-absorbing glass. GLASWERK Scuotr & 
Grn. Fr. 48,592, April 5, 1938; Chem. Abs., 33, 336 
(1939). Addition to 726,194. —A heat- absorbing glass 
contains Sb,O; or PbO. Examples contain P,O; 53 and 
53.5, SiO, 27 and 27, Al,O; 13 and 13, CaO 0.4 and 0.4, 
BaO 0.6 and 0.6, Sb,O; 6 and 0, PbO 0 and 5, As,O; 0 and 
0.5, and a small amount of oxides or compounds of Fe in 
each case. 

Joining glass to ceramic material by weld. B. E. 
Coun. U.S. 2,149,133, Feb. 28, 1939 (Oct. 19, 1937). 

Joining thick-walled tubes of quartz and other high 
fusing-point materials. W. C. Herarus G.m.s.H. Ger. 
639,258, Nov. 12, 1936 (Dec. 31, 1934); VI/32a. 35; 
Jour. Soc. Glass Tech., 22 {93} 319A (1938).—The ends to 
be joined are reduced to thin edges and heated strongly 
by a blast or arc flame, similar material being fed to the 
joint with continued heating to build up the wall to the 
required thickness. 

Manufacture of luminous electric discharge tubes. 
ELECTROLUMINATION, Ltp., AND A. R. RANGABE. Brit. 
500,869, March 1, 1939 (July 16, 1937). 

Manufacture of tubular glass envelopes containing 
fluorescent material for modifying the spectrum of gaseous 
discharge tubes. Soc. ANON. HOLOPHANE AND J. A. 
MAUvuterR. Brit. 500,480, Feb. 22, 1939 (Aug. 12, 1936) 

Manufacturing hollow glass articles. W.P. 
AND M. K. Ho_mes (Owens-] Illinois Glass Co.). U. S. 

2,149,246, Feb. 28, 1939 (Oct. 7, 1936). 

Optical glass. G. W. Morey (Eastman Kodak Co.). 
U. S. 2,150,694, March 14, 1939 (Aug. 19, 1936).—A trans- 
parent optical glass has an index of refraction (mp) for the 
p-line greater than 1.65 and a dispersive index greater 
than both 385-200 np and 99-4 mp, resulting from fusion 
of a glass batch containing less than 10% silica and con- 
taining at least 20% by weigh: of oxides selected from the 
group consisting of the following elements: titanium, 
yttrium, zirconium, columbium, lanthanum, hafnium, 
tantalum, tungsten, and thorium. 

Producing compound safety glass. I. G. FARBENIN- 
pustRiIE A.-G. Ger. 668,000, Nov. 3, 1938 (July 8, 1933); 
IVc/39b. 27.—Highly polymerized isobutylene is used as 
binding material for the glass sheets. D.A.B. 

Production of glass articles capabl: of diffusing light. 
OsTerReEICHISCHE GLASFABRIKEN UND RAFFINERIEN 
Joser Inwatp A. G. Fr. 830,029, July 19, 1938; 
Chem. Abs., 33, 335 (1939).—Glass powder is applied and 
caused to adhere to the surface of a glass article, such as 
an incandescent light bulb, which is then heated to a tem- 
perature at which the glass of the article begins to soften. 
The softening temperature of the glass powder is some- 
what lower than that of the article so that the powder be- 
comes fritted or partially fused and fixed to the surface in 
the form of small protuberances. These are subse- 
quently removed by treating the article with HF or other 
glass solvent, the duration of the treatment being such that 
the surface of the glass becomes pitted and is capable of 
diffusing light. 

Reinforced glass. Soc. ANON. DES MANUFACTURES DES 
Graces & Propuits CHIMIQUES DE St. GoBaIN, CHAUNY 
& Crrey. Fr. 828,824, May 31, 1938; Chem. Abs., 33 
1118 (1939).—The wire of the metal lattice embedded in the 
glass is deformed between one point of attachment or 
soldering and the next. 

Safety glass. Carsipe & CarBon Cuemicats Corp. 
Fr. 48,417, Feb. 3, 1938; Chem. Abs., 33, 336 (1939). 
Addition to 793,175 (Ceram. Abs., 16 [11] 338 (1937)).— 
The plastic layer is composed of a partial polyvinyl! acetal 
resin which has a mean macromolecular weight of at least 
7000 and preferably above 25,000, this resin having been 
acetalized to a sufficient degree by means of a straight- 
chain aliphatic aldehyde of 2 to 6 C atoms, to give a ther- 
moplastic resin which is insoluble in water and hydro- 
carbons and soluble in alcohols and has a high power 
of absorbing large amounts of plastifying agents of the 
ester type but is practically insoluble in plastifying agents 
at ordinary temperatures. 

Safety glass. B. Evcen Grossmann. Fr. 829,227, 
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June 16, 1938; Chem. Abs., 33, 1118 (1939).---One of the 
faces of one sheet of glass is covered with a mas com 
of a synthetic resin, treated cellulosic materials ‘I), and a 
solution of ether and dried. A second layer comj osed of a 
synthetic resin soluble in water and containing F Cl acting 
as hardening agent is applied. One face of the o her sheet 
is also treated with this soluble mixture of synth:tic resin; 
the two faces are dried and applied to one another. I 
is prepared by mixing cellulose or cellulosic material with 
dilute HCl for several months, removing acid, subjecting 
the treated cellulose to fermentation in a bath of sugar, 
drying, and powdering. It is then mixed with the resin. 
electric conductors into or ceramic ma- 


terials. . S. Ogrensorr. Brit. 501,271, March 8, 1939 
(June 15, 1937). 
Sheet glass breaking apparatus. J. R. Morris (Libbey- 


Ceramic Abstracts 


Vol. 18, No. 5 


Owens-Ford Glass Co.). U.S. 2,150,391, March 14, 1939 
6, 1935). 

empering H. R. Litire anp W. W. SHAVER 
soa 4 Glass Works). U. S. 2,148,630, Feb. 28, 1939 
Dec. 30, 1935).—The method of producing a tempered 
glass article includes rapidly cooling the article from a 
high temperature to produce a high permanent strain in 
the glass and removing a part only of the permanent 
strain so produced by a prolonged heat treatment of the 
article at a temperature below its annealing temperature 
but materially above room temperature. 

Vessels for the fusion of mes RICHARD RAUPACH 
MASCHINENFABRIK GOrLITZ G.m.B.H. Fr. 828,211, May 
12, 1938; Chem. Abs., 33, 334 (1939).—The vessels are 
made from a plastic material deaired under reduced 
pressure. 


Structural Clay Products 


Ancient mud brick are better than modern fired brick. 
M. K. Nanas anp F. H. Constasie. Science News 
Letter, 34 |22] 344 (1938).—Mud brick mixed with straw 
are much superior to modern fired brick as heat insulators. 

P.G.H 


Developments in the processing and f of clay 
products. R. K. Hursu. Illinois State Survey 
Circ., No. 23-C, pp. 19-25 (1938).—Change i in this field is 
gradual and is represented essentially by minor modifica- 
tions of equipment and methods which lead to more 
efficient plant operation and lowered unit cost of produc- 
tion. Significant trends are (1) progressive change from 
hand digging to the use of a variety of forms of mechanical 
excavators in pit operations; (2) selection of materials 
and the mixing of different clays in definite proportions for 
control of the working properties and color of the fired 
product; (3) changes in dry-pan design to effect greater 
crushing capacity and efficiency; (4) general replace- 
ment of gravity screens by the vibrating type which give a 
higher rate of screening and hence require less plant space; 
(5) finer crushing to obtain a more homogeneous material 
in the preparation of wet or moist clays; (6) deairing 
treatment, resulting in the increase of cohesion, toughness, 
and strength of the clay body, as well as an increase in 
plastic strength and the elimination of blistering as the 
clay column leaves the die; (7) improvement in control of 
drying conditions through the application of circulating 
fans, variable speed drives for fans, and the availability of 
temperature and humidity controlling devices to regulate 
drying conditions in various sections; (8) greater atten- 
tion to the regulation of kiln atmos here conditions and 
temperature in firing operations; (9) the introduction of 
the continuous car tunnel kiln with the expectation that 
more extensive use of this type of continuous kiln will de- 
velop in the structural clay products field; (10) the 
production of surface effects in ware by glazing, applica- 
tion of colored sands, stippling, brushing, etc., to meet the 
demand for a variety of color effects in brick and similar 
products; and (11) the development of new forms and 
types of product, #.e., preformed slabs and beams, easily 
handled units larger than brick in size, and acoustic ma- 
terials. Thermal insulation products in the form of struc- 
tural units are also receiving attention. Most of these 
new forms and types of clay products must be considered as 
still in the development stage, but some very definite and 
perhaps radical changes or additions in the field of struc- 
tural clay products may be anticipated as a result of the 
research and experimental work that is in progress. 

F.V.T. 

Effect of shape of specimen on the apparent compressive 
strength of brick W. Proc. 
Amer. Soc. Testing Materials, 38 [Part I], 363-69 (1938).— 
From the limited tests made, K. concludes that (1) the 
compressive strength of brick masonry is influenced by the 
height : thickness ratio of the test specimen; (2) the varia- 
tion in strength of 8 x 16 in. and 12 x 16 in. piers with 
the h/t ratio follows a common relation; (3) the normal 


strength of masonry having these sections is recorded 


for an h/t ratio of 6 or greater; for smaller ratios the ap- 
parent strength is increasingly greater ; (4) suitable correc- 
tion factors would permit the use of relatively short piers to 
be used for determination of the quality of the masonry. 
Although greater economy will result from the use of the 
smaller specimens, it is not advisable to adopt a specimen 
with an h/t ratio less than 3 or 4, due to the more pro- 
nounced influence of shape R.A.H. 
McBurney AnD A. R. Proc. Amer. Soc. Testing 
Materials, 38 |Part II], 470-83 (1938).—The effect on 
the resultant disintegration of certain selected samples of 
brick of variations in the method of making freezing and 
thawing tests in the laboratory is reported. Other sets of 
these samples were exposed to the action of weather, using 
three types of exposure. Conclusions are as follows: 
(1) The nature of the brick influences the relative effect 
of differences in the methods of test. Gross error may re- 
sult from attempts to express results of freezing and thaw- 
ing by one method in terms of results obtained by another 
method unless samples of the same brick have been tested 
by each method. (2) The use of whole or half brick as 
test specimens does not significantly affect the result of the 
same method of freezing and thawing. (3) With the ex- 
ception of one type of brick, methods which allow the satu- 
ration of the sample to increase are more severe than 
methods which reduce saturation by drying after every 
3cycles. This increased severity is usually apparent during 
the later cycles. (4) If oven drying has any disintegrating 
effect on the brick samples, it is masked by its effect in 
lowering saturation. (5) With the exception of the same 
type of brick mentioned in conclusion 3, freezing in con- 
tact with water is more severe than freezing in air. This 
increased severity is most noticeable in the early cycles. 
(6) The action of both laboratory freezing methods and 
natural exposures can be summed up by stating that the 
greater the degree of saturation at the time of freezing, 
the more effective is the method in producing disinte- 
gration. See Ceram. Abs., 18 [2] 50 (1939). R.A.H. 


Studies in materials with special reference to 
buil materials: I, Crystallization of salts in porous 
ma D. G. R. BONNELL AND M. E. NOrTrace. 


Jour. Soc. Chem. Ind. {London}, 58 [1] 16-21 (1939).— 
It has long been known that certain building materials are 
completely disintegrated by the crystallization of salt hy- 
drates within their pores. Although it is assumed that 
this disintegration is associated with the volume change 
accompanying hydration, no experimental evidence is 
available in support of this contention. Some experiments 
carried out with this aim in view are discussed. The re- 
sults show that, when hydration takes place within the 
pores, stresses sufficiently high to overcome the tensile 
strength of normal porous building materials may be de- 
veloped. G.R.S. 


PATENTS 


Continuous masonry tie. F. N. Cranparr. U. S. 
2,150,798, March 14, 1939 (April 29, 1935).—A continuous 
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tie for the continuous reinforcement and attach- 


ment of brick veneer to a wood-frame construction. 
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Treatment of brick. J. Larnc & Son, Lip. Brit. 501,- 
319, March 8, 1939 (May 12, 1938). 


Refractories 


Accelerated firing of silica brick in periodic kilns of the 
silica brick plant of the Katav-Ivanovsk works. V. V. 
KISELEV AND I. O. PLEKHANOV. Pp ey [4] 1172-78 
(1938).—The duration of firing of silica brick was lowered 
to 120 hr. without impairing their properties; the specific 
gravity of the brick decreased to 2.35 to 2.38. M.V.C. 

Automatic control eliminates danger of firing out open- 
hearth furnace roofs. A. V.Leun. Steel, 101 [7] 60, 63 
(1937).—Roof temperature control is used in open-hearth 
furnace practice by means of radiation pyrometers or 
regular platinum thermocouples placed in the roof of the 
open hearth. H.E.S. 

Chrome-magnesite brick for open-hearth furnaces. J. 
H. CuHEsTers AND T. R. Lynam. Jour. Amer. Ceram. 
Soc., 22 [4] 97-104 (1939). 

Coloring of silica brick from crystalline quartzites of the 
Karaulny Mountains. G. Aristov AND V. FEporov. 
Ogneupory, 5 [12] 842-54 (1937).—The causes for dis- 
coloration of silica brick are the chemical heterogeneity of 
the mix due to a chemical heterogeneity of quartzite and 
the soiling of the latter with oxides of iron, aluminum, 
and calcium and silicates. These brick yield better 
physicochemical and thermomechanical indices than silica 


brick of a uniform color. M.V.C. 
Developments in a blast-furnace lining. J. SromckeR 
AND A. Rein. Stahl & Eisen, 58, 965 (1938).—A blast 


furnace has been erected at Bochum, Germany, which 
possesses a welded steel casing and a tamped hearth bot- 
tom; the hearth and bosh are made of 84 to 85% dry coke 
and 15 to 16% water-free tar, resting on several courses of 
silica brick. The capacity is increased by the reduced 
thickness of the walls, made possible by novel coolers 
which also reduce the attack on the lining by zinc and lead 
vapors and alkali cyanides. L.R.B. 
Discussion of “Separation of lime and esia in 
dolomite.” R.Baskinp. Jour. Chem. Met. Mining Soc. 
S. Africa, 38, 388-90 (1938); see Ceram. Abs., 17 [11] 356 
(1938). E.H.McC. 
Dolomite and its réle in a basic open-hearth furnace. 
STEFAN WorTMAN. Huintk, 10, 13-18 (1938); Metals & 
Alloys, 9 [9] MA 545 (1938).—W. discusses the great 
importance of the dolomitic structure for the steelmaking 
process. Dolomite of poor quality is often responsible not 
only for poor quality of steel but aiso for the life of the 
basic open-hearth furnace and its deterioration. Poor 
quality dolomite is used in greater quantity and thus is 
ultimately more expensive than one of high quality. 
High quality dolomite often makes up for some of the in- 
ferior qualities of other components of the furnace charge. 
Dolomite with highest MgO content and with lowest 
Fe,O; and Al,O; content is better. Crystalline dolomite is 
preferred to noncrystalline. Dolomite must be very 
thoroughly annealed. Very favorable results are obtained 
when slag is added to the dolomite in the ratios 1:4 or 
1:3 
Effect of burning out admixtures on the rties of 
sagger bodies. R.T. Maxui. Keram. & , 14 [6) 
30-32 (1938).—The introduction of admixtures, such as 
sawdust, into sagger mixes greatly lowers the mechanical 
strength of bodies, considerably increases their thermal 
resistance, and increases gas permeability. M.V.C. 
Expansion of silica brick on firing. I. S. Kafnarsxil 
AND V. A. Bron. Ogneupory, § [12] 827-41 (1937).—The 
behavior of silica brick on firing as depending on a series of 
production factors was studied. The determination of 
some quantitative relationships gives a series of valuable 
data with respect to the regulation of firing. The results 
are shown in tables and graphs. M.V.C. 
Formation of iron blooms on grog ware. P.S. MAMYKIN 
anD A. S. Karpova. Ogneupory, 6 [3] 1071-75 (1938).— 
The causes of iron blooms and the physicochemical proc- 
esses occurring during their formation on grog ware are 


discussed. The clays used contained pyrites, hematite, 
and siderite. M.V.C. 
products, cements, and concrete on a 
S. A. ZHIKHAREVICH AND M. S. Fricrn. 
Ukrain. Nauch.-Issledovatel. Inst. Ogneuporov & Kislo- 
touporov, No. 44, pp. 60-68 (1938).—-Attempts to produce 
refractory cement on a dolomite basis are discussed in 
detail. M.V.C. 
y refractory and stable dolomite refractories. A. 
A. GreBenyuk. Ukrain. Nauch.-Issledovatel. Inst. Og- 
neuporov & Kislotouporov, No. 44, pp. 51-60 (1938).—A 
theoretical discussion of the manufacture of dolomite re- 
fractories is given. M.V.C. 
Increasing the resistance of bottoms and of linings of 
Thomas converters. F.Ssr1an. Sial,7 [7] 81-85 (1937); 
abstracted in Chem. Zentr., 1938, II, 746.—Methods for 
improving chemical and mechanical resistance of grog 
refractories for Thomas converters are dealt with. 
M.V.C. 


Influence of fluidity, hydrodynamic conditions, and 
solvent action of slag on the destruction of refractories at 
high tem ture. K. ENnpett, R. FEHLING, AND R. 
Key. Jour. Amer. Ceram. Soc., 22 [4] 105-16 (1939). 

Mullite refractory products and their use in boilers. 
Marcet L&pincie. Céram., Verrerie, Email., 6 (3) 77- 
82; [4] 113-17 (1938).—Specimens of mullite refractory 
brick on the market, used for boiler equipment fed with 
liquid combustible, were examined. The composition, 
properties, and the results of tests are tabulated. The 
specific gravity increases with the alumina content. For 
identical quality and quantity of chamotte, the quality of 
the bond is of considerable importance for the specific 
gravity, porosity, and resistance to com ion. A 
second firing at a higher temperature than the first slightly 
lowers relative porosity. An increase in the alumina con- 
tent from 46 to 61% affects the refractory qualities little. 
L. discusses the appearance, degree of mullite transforma- 
tion, the resistance to variations of temperature, and the 
behavior on firing of the specimens. M.V.C. 

Mullite synthesis based on refractory clay and kaolin. 
V. V. Goncnarov AND A. T. 6 
[4] 1192-98 (1938).—The obtaining of mullite ies by 
firing batches of refractory clay or kaolin with alumina was 
studied. The optimum mullite content is obtained at 
1600°. With increased temperature, the mullite content 
does not increase. Corundum is also found in the fired 
bodies. The incomplete reaction of clay with alumina, 
hence the presence of corundum, is accounted for by the 
presence of a glass phase which depends on the presence of 
fluxes in the clay. Silica combined with the remaining 
glass is unable to react with the surplus alumina. ve 

M.V.C, 

Multigrog ladles. V. Srrecers S. Perrrov. 
Ogneupory, 6 [5] 1222-25 (1938).—Ladles composed of 
90% grog and 10% Chasov-Yar clay showed excellent 
characteristics. They are fired at 1340°; porosity is 18 to 
20%, mechanical strength is 330 to 440 kg. /sq. cm., and 
deformation under load takes place at 1420° to 1440°. 
Some improvement may be obtained by firing these ladles 
to 1400°. M.V.C. 

Olivine refractories from the North Caucasian serpen- 
tines. V. M. Tsynxrna. Ukrain. Nauch.-Issledovatel. 
Inst. Ogneuporov & Kislotouporov, No. 44, pp. 78-88 (1938). 
—T. deals with the use of North Caucasian serpentines for 
the manufacture of forsterite refractories and their com- 
position and characteristics. M.V.C. 

Paint for reducing the gas ay of heat-insulating 
masonry. F.L. Davypova. Zitein.-Tech. So., Series 27, 
No. 2105, 9 pp. (1937); abstracted in Referat. Silikatlitera- 
tur, 5 |4] 5153 (1938).—Two groups of paint for making 
walls of porous diatomite block gastight were studied at 
the heat insulation laboratory of the Trust “Orgenergo,”’ 
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(1) with water-glass bond and (2) with clay (or diatomite) 
bond. Data on batches and properties are given. The 
low stability of water glass against moisture is a disadvan- 
tage, and a water glass with a higher modulus (3 to 3.5) is 
recommended. Paint with water-glass bond can be used 
only to 500°. For temperatures up to 850° to 900°, clay 
or diatomite bonds must be used. The composition 
75% clay + grog (proportion 3:7), 15% asbestos, and 10% 
Portland cement is satisfactory. The use of paints greatly 
reduces gas permeability, and the coefficient increases 
with rising temperature of the walls. M.V.C. 
Physical methods for stud refractories. B. Ya. 
Pines. Ukrain. Nauch.-Iss . Inst. Ogneuporov & 
Kislotouporov, No. 44, pp. 102-109 (1938).—P. discusses 
methods used in U.S.S.R. for investigating the physical 
properties of refractories, such as mechanical strength, 
thermal conductivity, thermal stability, slag resistivity, 
~— X-ray methods for determining structure. M.V.C. 


ysicoch and properties of the m 
Al,O,-Cr,0O;.  P.S. MAMYKIN AND S.G. ZLATKIN. Ogneu- 
pory, 6 [2] 990-96 (1938).—Experiments show that (1) a 


solid solution is formed from the interreaction of Al,O; and 
Cr,O; at high temperatures; and (2) by means of ordinary 
ceramic methods, a new highly refractory, chromo-corun- 
dum material is obtained whose most valuable properties 
are (a) high refractoriness (about 2000°C) and (6) lack of 
supplementary shrinkage at the highest temperatures. 
M.V.C. 
Practical application of insulating firebrick. J. W. 
Dawson. Heat Treating & Forging, 25 [2] 89-91, 95 
(1939).—Insulating firebrick has many advantages over 
insulating backing brick, e.g., shorter heating and cooling 
time, thinner walls which save space, and fuel saving. 
Surface toughness, heat resistance, thermal expansion, and 
spalling resistance must be considered in choosing brick. 
S.S. 
Producing silica brick without fissures. L. M. 
FARB. Ogneupory, 6 [2] 986-89 (1938).—The study of the 
production of silica brick without cracks from chalcedony 
quartzites shows that the fissures occur mostly during the 
modification of a quartz into a cristobalite. The change of 
the granulometric composition of the mix by lowering the 
size of grains greatly decreases the formation of cracks. 


M.V.C. 
Production of lightweight refractories. V. I. Mrro- 
LyuBOv. Ogneupory, 6 [3] 1075-79 (1938).—M. de- 
scribes methods used to manufacture lightweight refrac- 
tories. The refractories have a high shrinkage and an in- 
cipient deformation under load at low temperatures. 
M.V.C. 
Production of magnesite brick with a binding of sulfite 
cellulose lye. A. DRAZHNIKOVA. Ogneupory, 6 [3] 1089- 
95 (1938).—Magnesite brick with a sulfite cellulose lye 
bond is not inferior to a magnesite brick from a hydrated 
mix. The comparative properties of both types of brick 


are tabulated. M.V.C. 
Reaction kinetics in the hydration of sintered esite 
mixes. D.A.Kusstn. Ogneupory, 6 [5] 1226-32 (1938). 


—kK. studied the effect of firing temperature on the quan- 
tity of active oxides in the magnesite body and the effect of 
pressure, temperature, and duration on the rate of hydra- 
tion of magnesite products. With increased pressure and 
simultaneous hydration, the process of activation pro- 
ceeds more intensively. M.V.C. 

Reactions of with refractories: I, Surface reactions 
of slags with re ies. H. G. ScHURECHT. Jour. 
Amer. Ceram. Soc., 22 [4] 116-23 (1939). 

Refractories, fire-clay, plastic. Navy Department, 
Washington, D. C. . S. Navy Specification 32Rla 
Amendment, May 2, 1938; Chem. Abs., 33, 1112 (1939). 

Refractories in a steel t. Danret Petit. Rev. 
Mé., 3S [6] 250-62; [7] 296-307 (1938).—P. briefly sum- 
marizes the properties and methods of application of re- 
fractory brick for steel plant uses in France, Germany, and 
England. J.D.G. 

Refractory brick from dolomite. A. V. TERESHCHENKO 
AND O. M. Marcutis. Ukrain. Nauch.-Issledovatel. Inst. 
Ogneuporov & Kislotouporov, No. 44, pp. 44-51 (1938).— 
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After a number of attempts, it is now possible to produce 
dolomite refractories in which free lime is absent. MgO is 
present in the form of periclase, and CaO is combined into 
a tricalcium silicate, a small amount of calcium ferrite, 
and about 2% dicalcium silicate. The latter does not 
change into the gamma form on cooling and has no effect. 
The best results were obtained from a mix containing 
87.1 Nikotovskii dolomite, 7.0% Martens slag, and 5.9% 
Chasov-Yar sand. The shaped samples were fired to 
1650°C. The characteristics of the brick are (1) refrac- 
toriness, over 1920°C; (2) incipient deformation under 
load, 1490°C; (3) end of deformation under load, 1550°C; 
(4) mechanical strength, 150 kg./sq. cm.; and (5) specific 
gravity, 3.341. M.V.C. 
Refractory material for lime-burning furnaces. A. G. 
Griscuko. Zilein.-Tech. So., Series 27, No. 2085, 4 pp. 
(1937); abstracted in Referat. Silikatliteratur, 5 [4] 5161 
(1938).—The Kharkov Refractory Institute studied five 
batches for increasing the stability of lime kiln linings at the 
soda factory in Pereyesdnaya. G. tabulates data on the 
composition of the batches and the results of tests made. 
M.V.C. 
Selection of refractories. BrerRNARD THomas. Brit. 
Clayworker, 47 [559] 248-50 (1938); see Ceram. Abs., 1 
{1] 24 (1939). R.A.H. 
Service of refractories in kilns for firing carbon elec- 
trodes. I. I. KuzmMenxo. Ogneupory, 6 [3] 1068-71 
(1938).—To improve stability of refractory linings in 
chamber furnaces of the ‘““Ridhammer”’ system for firing 
carbon electrodes, the refractory lining must (1) have a 
high thermal resistance, (2) be slag resistant, (3) have a 
high mechanical resistance, and (4) have a high thermal 
conductivity. Refractories with a high grog content 
are the most suitable. M.V.C. 
Silica brick with a siliceous bond. I. S. Sme_yanskxri. 
Ukrain. Nauch.-Issledovatel. Inst. Ogneuporov & Kis- 
lotouporov, No. 44, pp. 29-43 (1938).—A method for manu- 
facturing silica brick with a siliceous bond (without lime) 
having the same refractoriness as quartzites has been 
developed. Due to a replacement of the lime bond by a 
siliceous bond, the chemical composition of these brick 
does not differ from the average composition of quartzites 
from which the brick is produced. Hence the refrac- 
toriness of such brick depends basically on the refractori- 
ness of the raw materials. Silica brick with a refractori- 
ness of 1770°C may be obtained when using quartzites 
with a high silica content free from fluxes (mica, etc.). 
The advantage of such silica brick over silica brick with a 
lime bond is that the former have a higher silica content 
and therefore have a higher refractoriness. Various types 
of quartz containing 96 to 97% silica may be used as raw 
materials for the siliceous bond. The most suitable are 
crystalline quartzites or cement quartzite with a retarded 


velocity of transformation. See Ceram. Abs., 17 [7] 254 
(1938). M.V.C. 
Suggested insulating firebrick specifications. W. Ray- 


MOND Kerr. Bull. Amer. Ceram. Soc., 18 [3] 93-96 
(1939). 

Sulfate resistant refractories. L. M. BLyuMEN. 
Keram. & Steklo, 14 [6] 27-30 (1938).—Experiments show 
that (1) refractories manufactured from grog fired at low 
temperatures are more resistant to alkalis and glass, (2) 
feldspar has a favorable effect only when grog fired at high 
temperatures is used, and (3) grog bodies of a greater basicity 
and additions of corundum are considerably less resistant 
than more acid bodies. M.V.C. 

Symposium on steel mill pouring pit refractories: I, 
Refractories for bottom cast pouring. W. C. Krrro. 
Bull. Amer. Ceram. Soc., 18 [3] 79-80 (1939). II, Factors 
influencing pouring rates of nozzles. EVERETT C. Hire 
AND E. E. Catirnan. Ibid., pp. 80-85. III, Pouring-pit 
refractories as a source of nonmetallic inclusions. D. L. 
McBripe. Ibid., pp. 86-87. IV, Steel-pouring refrac- 
tories. C.L. Kinney. Ibid., pp. 87-92. 


Talc-magnesite refractories. A. V. TERESHCHENKO 
AND O. M. Marcuuis. Ukrain. Nauch.-Issledovatel. 
Inst. Ogneuporov & Kislotouporov, No. 44, pp. 118-20 


(1938).—The mineralogical composition of talc-magnesite 
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brick is forsterite (2MgO-SiO,) 85%, spinel (MgO- Al,O;) 
5%, periclase (MgO) 5%, and hematite and magnesite 5%. 
The properties are as follows: refractoriness 1780°C, 
mechanical strength 200 to 250 kg./sq. cm., incipient de- 
formation under load 1550°C, and porosity 22 to 28%. 


The brick is resistant to basic and Fe slag. M.V.C. 
Use of magnesite brick lining for outlets in steel. 
K. P. Be.tyantscuikov. Sovet. Met., 7 [4] 51- 1935); 


abstracted in Referat. Silikatliteratur, 4 [6] 4148 (1987) — 
The Taganrog steel works has three Martin furnaces with a 
75 ton frame capacity. The furnaces are heated with 
mazut. They are fired rather hot and after 8 hr. the 
charge can be run in. The graphite outlet ducts were 
imported from abroad until importation was tied up; 
then grog outlets were made at the steel works. The 
quality of the grog ducts was entirely inadequate and 
frequently caused the interruption of operations. The 
steel had to be poured as cold as possible, which was a 
disadvantage. After the experiences of the Apleby Iron 
Co. were published (Jackson, Jron & Coal Trades Rev., Feb. 
13, 1931) on the use of magnesite collars inserted in the 
inside which is most exposed to corrosion, tests with 
magnesite collars were made from magnesite brick set in 
grog outlet spouts. After a certain time difficulties 
arose because the melt had corroded the grog below the 
magnesite lining. This corrosion was so deep that it was 
no longer possible to close the outlet. The cause of this 
corrosion was assumed to be the formation of an easily 
fusible eutectic between alumina and magnesia. To 
prevent the corrosion of the end layer, chromite brick 
were inserted, but without results. The cause of the 
severe corrosion was found to be the poor quality of grog 
at the place where the magnesite lining had been set in; 
the grog had been insufficiently tamped and was very 
porous. Heretofore, the outlets had been installed from 
the outside, and where the magnesite was used, the 
wall was weaker. These outlets were replaced from the 
inside of the furnace (as illustrated). In general these 
outlets held up better because the layer of grog 4 
mm, thicker than the layer for the first outlet could be 
tamped more solidly around the collar. Occasional 
failures could be traced back to the fact that the magnesite 
collar had not been carefully fitted in the grog, and hollow 
spaces were found under the collar. When well fitted, 
this type of outlet gave no more structural difficulties. 
The interior width changed little, in contrast to the grog 
outlets, and the magnesite was only slightly corroded. 
If the bore of the magnesite collar was too narrow, the 
opening clogged with solidifying metal which had to be 
melted out with oxygen. The steel, therefore, had to be 
cast hot. M.V.C. 

Volumetric analysis of silica brick and quartzites. M. 
Votynets. Ukrain. Khem. Zhur., 12, 507-15 (1937); 
Brit. Chem. & Phys. Abs.—B, 57 [5] 514 (1938); see Ceram. 
Abs., 15 [10] 316 (1936); 16 [7] 223 (1937). 


SEPARATE PUBLICATIONS 


Effect of the grain size of quartzites, the lime addition, 
the pressure, and firing on the change in volume of silica 
brick. H. Pont. Thesis, Tech. Hochschule Stuttgart, 
1935, 64 pp.; abstracted in Referat. Silikatliteratur, 5 [3] 
5040 (1938).—A high variation in volume of silica brick 
made with the same raw materials and prepared and fired 
in the same way was observed. The effect of the grain 
size of the quartzite, lime addition, pressure, and firing 
on the change in volume of silica brick was studied. The 
usual lime addition of 1 to 3% CaO had no influence on 
the change in volume. The effect of unequal pressure 
on the volume change of silica brick during firing was not 
observed. The effectiveness of firing at high temperatures 
and for different periods on the transformation of quartz 
was determined. The velocity of tridymite-cristobalite 
formation and the accompanying change of volume of 
silica brick depends on the firing and degree of fineness 
of quartzite. The determination of Le Chatelier that 
finely ground quartzite is transformed faster than coarse 
grained with the same firing was confirmed. The degree 
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of fineness of the quartzite had the greatest effect on the 
volume change of silica brick during firing. In silica 
brick with a high proportion of quartz grains of 1 to 4 mm. 
and a quartzite transformation of about 90%, the change 
of volume is more than twice as high as that of brick 
made from fine-grained quartzite (0.25 mm.) and fired 
in the same way M.V.C. 
Lightweight ‘(heat-insulating) refractories and super- 
refractories. A. A. Prrocov. Ukrain. Nauch.-Issle- 
dovatel. Inst. Ogneuporov & Kislotouporov, No. 42, 56 pp. 
(1936).—Different lightweight refractories and super- 
refractories showed the following characteristics: (1) 
Lightweight silica has a relatively high temperature of 
deformation (1400° to 1540°) under load, a sufficiently 
high mechanical strength, and a refractoriness of 1670° 
to 1700°C. The thermal conductivity is 3 times smaller 
than that of ordinary silica brick. (2) High alumina 
lightweight products (on a corundum base) have a high 
refractoriness (over 1920°C) and a constant volume at 
high temperatures. (3) The lightweight chrome magnesite 
product is highly resistant to slag corrosion and has a 
refractoriness of 1500° to 1550° under load. (4) Light- 
weight fire-clay brick has an incipient deformation under 
load at 1290° to 1360°, an aftershrinkage of 4) at 
1350°, and a refractoriness of 1750°C. M.V.C 
Refractories. Dept. Sci. Ind. Research Board Rept., 
1936-1937; abstracted in Refrac. Jour., 14 [3] 168 (1938). 
—During the last two years, considerable interest has been 
taken in chrome-magnesite refractories, and large-scale 
experiments concerning their use on the side walls and 
roofs of basic open-hearth steel furnaces have been made 
by the steel industry with stimulating results. In this 
service, however, such products are subject to a peculiar 
type of deterioration which may seriously affect their 
durability. Iron oxide is absorbed by the working face 
of the brick. Considerable progress has also been made 
in the study of the action of gases and vapors at various 
temperatures on raw materials. Fire-clay products ex- 
posed to alkali-chloride vapors at 1000°C may be so 
modified that a concentration of iron and other oxides 
derived from the brick as a whole is induced in localized 
positions on the surface. Jbid., 1937; abstracted in 
Times Trade & Eng., 42 [889] 14 (1938).—The Advisory 
Council inspected the work of the Refractories Research 
Association which has an income of £5000 from the 
industry and £4000 from the state a year. The Pot- 
tery Manufacturers Association has also started a re- 
search association with an income of £10,000 from the 
industry and £5000 from the state. A joint advisory 
committee is to coérdinate the work of both research 
associations. B.C.R. + A.BS. 
Silica brick from Ovruch quartzites. G. B. Tausin. 
Ukrain. Nauch.-Issledovatel. Inst. Ogneuporov & Kislotou- 
porov, No. 40, 68 pp. (1937); see Ceram. Abs., 17 [1] 21 
(1938). M.V.C. 


PATENTS 

Ceramic masses. JOHAN Bertm SrALHANE. Ger. 
664,725, Sept. 2, 1938; Chem. Abs., 33, 336 (1939).— 
Objects are made of substances rich in Al,Os;, such as clay, 
kaolin, and bauxite, with NH, phosphate solution, pref- 


erably (NH,):HPO, solution, as binding agent. The 
produced mass contains Al phosphate. 

Ceramic products and methods of manufa > 
Bascock & Witcox Co. Brit. 499,920, Feb. 15, 1939 


(Feb. 27, 1937). 

Furnace construction. Orro Jaros (William J. Gilbert) 
U. S. 2,147,946, Feb. 21, 1939 (Nov. 17, 1934). 

Insulating refractory wall. G. P. Rerintyes. U. S 
2,150,459, March 14, 1939 (Dec. 28, 1936).—An insulating 
wall for furnaces comprises a metal panel member having a 
pair of its opposite side edges provided with firebrick- 
engaging means extending from bottom to top of the 
panel and inclined toward each other for interlocking 
engagement with the opposite ends of a brick and means 
adjacent one edge of the panel constituting a support for 
the column of brick. 

Making clay pots. C. E. Furton (Pittsburgh Plate 
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1958) Co.). U.S. 2,149,595, March 7, 1939 (March 12, 
1938). 

Manufacture of brick. SovrH METROPOLITAN 


Gas Co. anp R. H. B. Lamprey. Brit. 500,494, Feb. 
22, 1939 (Aug. 13, 1937). 
Mortarless brickwork. Joser BeRLex (Oesterreichisch 
Amerikanische Magnesit A.-G.). U.S. 2,148,054, Feb. 21, 
1939 (Dec. 12, 1936).—A method of building up refractory 
masonry comprises laying up refractory brick without 
mortar, leaving spaces between the brick sufficient to 
allow for expansion of the brick during a heating-up step 
and only partly filling the joints by the insertion of cor- 
rugated sheet metal, the metal of the sheet being oxidizable 
at high temperatures, the metal and its oxide being free 
from deleterious action on the refractory quality of the 
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brick, and the sheet-metal elements being adapted to 
flatten out under the expansion of the expanding brick, 
heating up the built-up brickwork for causing expansion 
of the brick and thereby at least partly flattening out 
the corrugated sheets, thereafter further heating it suffi- 
ciently to soften the metal of the sheets, and allowing 
oxidation of the softened metal to occur. 

Refractory materials. F. Krupr A.-G. Brit. 499,972, 
Feb. 15, 1939 (Dec. 23, 1936). 

Refractory objects. CarBporunpum Co. Fr. 828,641, 
May 24, 1938; Chem. Abs., 33, 337 (1939).—Refractory 
objects are made of a material containing SiC, graphite, 
and ceramic materials as well as a small proportion of a 
peroxide of Cu. 


Terra Cotta 
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Acoustic tile. Samus, B. (Manny Weiss). 
Can. 379,159, Jan. 24, 1939 (April 9, 1987). G.M.H. 
Roofing tile. FrrrzGerorci. U.S. 2,149,521, March 7, 


1939 (June 1, 1937).—A roofing tile has a flat upper sur- 
face, a swallowtail drip edge, and a cross channel indented 
in the upper surface in the vicinity of and approximately 
parallel to the edge. 


Whiteware 


Casting ware in permanent molds. ANON. 
Iron Age, 141 [22] 48 (1938).—The gray-iron castings 
made in permanent molds are used chiefly for the electrical 
and automotive industries, but a machine of semisteel 
construction has been patented for casting sanitary ware. 
Sandblasting of the castings is necessary. E.H.McC. 

Observations on crazing. H.W. Weps. Trans. Brit. 
Ceram. Soc., 38 [1] 75-87 (1939).—One of the most 
important factors i in determining the crazing resistance of a 
glaze is the development of cristobalite in the body, as far 
as porous ware is concerned. The contraction due to the 
8- to a-quartz inversion may have some effect in putting 
the sien under compression if (a) the lower annealing 
temperature of the glaze is high and (5) the rate of cooling 
israpid. By a separate determination of the coefficient of 
expansion of the glaze and of the body, it is possible to pre- 
dict the crazing resistance of the subsequent glazed body. 
The resistance is roughly related to the magnitude of the 
difference between two expansions over a certain tempera- 
ture range. A critical minimum difference is necessary 
before the glaze is at all resistant to crazing. Relationship 
between porosity and crazing. H. W. Wess, J. W. 
WILpIGG, AND S. W. Ratcurre. Ibid., pp. 88-91.—This 
relationship (if any exists) has not been established. The 
belief that porous bodies craze more readily is erroneous, 
and the experimental evidence available suggests the 
opposite conclusion. Effect of pint weight of casting slip 
on the crazing tendency of the cast y- H. W. Wess, 
C. J. Pope, F. Exuiotr. Jbid., pp. 92-95.—The pint 
weight of a casting slip has no definite relation to the 
crazing resistance of the cast body. There is evidence that 
the extent of deflocculation of the clay is the important 
factor. Effect of making pressure of dust-pressed tile on 
crazing resistance. H.W. Wess AND S. W. RATCLIFFE. 
Ibid., pp. 96-99.—Soft-pressed tile appears to craze less 
readily than hard-pressed tile. The former also has a 
slightly greater coefficient of expansion. Formation of 
cristobalite in earthenware and white tile bodies. Jbid., 
pp. 100-105.—The conditions under which cristobalite 
formation occurs in earthenware bodies are reviewed. 
The temperature range 1200° to 1250°C is critical in this 
respect. The action of talc in causing crazing is due to its 
effect on the inversion of quartz to cristobalite. The 
loss of this effect above 1200°C is probably due to the 
formation of cordierite. Crazing resistance is more 
effectively controlled by variation in the grain size of 
flint than by variation of the proportion of flint in the 
body mix. Mechanism of the action of talc as an anti- 
craze material. Jbid., pp. 105-10.—The addition of 
ground pitchers to the body or glaze gives increased craz- 


ing resistance by increasing the cristobalite content. 
Effect of B,O; content of a glaze on crazing. H. W. Wess, 
C. J. Aten, S..B. JoHNnson, C. J. Pops. Jbid., 
pp. 110-16.—The effect on crazing of variation in B,O; 
content of three typical commercial glazes is cyclic. The 
addition of B,O; as raw borocalcite, instead of a borax 
frit, greatly improves the crazing resistance of the glaze. 
Influence of the method of compounding a glaze. H. W. 
Wess, A. J. CLouGcH, anp J. W. Dennis. IJbid., pp. 
116-21 .—Compounding a glaze of the same ultimate 
composition by including a proportion of very soft frit 
greatly increases the crazing resistance as compared with 
fritting the whole or the larger part of the glaze. 
R.A.H. 

Réle of solid friction in ye a dielectrics. ANDREW 
Gemant. Jour. Applied Physics, 9, 730-34 (1938).— 
Improvements in synthetic dielectric materials, both the 
ceramic and the resinous types, are attributed to their 
high grade of homogeneity. This not only affects favor- 
ably the mechanical strength, electrical breakdown 
strength, and dipole losses due to layer mechanism but also 
reduces losses due to dipole rotation. If dipolar con- 
stituents rotate at all in the solid state, energy will be 
dissipated in overcoming solid friction. This friction is 
directly related to the imperfections of the material. 

A 


Solubility of colored glazes in organic acids. R. F. 
GELLER AND A. S. CREAMER. Jour. Amer. Ceram. Soc., 22 
[4] 1383-40 (1939). 
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Insulator. ANDREW A. HOocHER (Hubbard & Co.). 
Can. 378,954, Jan. 17, 1939 (Oct. 21, 1936; in U. S. Sept. 
18, 1936). G.M.H. 

Method and means for making porcelain dental articles 
such as artificial teeth. L. W. Mever (Erdle & Prange, 
Inc.). Brit. 499,959, Feb. 15, 1939 (May 31, 1937). 

Production of ceramic products, particularly insulators 


for electric lam Rosert Boscu A.-G. Fr. 830,176, 
July 22, 1938; Chem. Abs., 33, 1463 (1939). 
Spark plug. R.A. Bett (Rajah Co.). U.S. 2,147,730, 


Feb. 21, 1939 (Dec. 24, 1937). B.Dgtorp. Brit. 500,774, 
March 1, 1939 (May 7, 1937). Leo Grar (Karl Werth). 
U. S. 2,150,500, March 14, 1939 (April 1, 1937). E. B. 
Nowosi1e.sk1 (Eclipse Aviation Corp.). U. S. 2,150,723, 
March 14, 1939 (Feb. 5, 1936). 

Spark plug with enlarged cooling chamber. A. E. 
om . S. 2,149,261, March 7, 1939 (Sept. 27, 


| 
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in calculating the capacities of forced-draft fans, pulverizer 

O. Barene. Ind. Heating, 6 (2] 148-55, 161 exhausters, vent fans, primary-air fans. He gives 


(1990). —B. describes comparative tests between a Maxon 
gas-fired heater and a coke-fired salamander for drying 
large molds and gives calculations of heat distribution and 
heat losses. The gas-fired heater reduces the cost from 


$65 to $13 (a saving of $52). M.H 
Base-metal thermocouples; characteristics. M. 
R. MANDLEKAR AND H. N. Baneryea. Jour. Soc. Chem. 


Ind. {London}, 57 [8] 276-78 (1938).—Constantan and 
iron (or copper) thermocouples, because of their suscepti- 
bility to oxidation, are not satisfactory for use in deter- 
mining elevated temperatures. Nichrome-constantan 
thermocouples compare well with those of constahtan and 
iron (or copper) and are serviceable for repeated use at 
high temperatures. Thermocouples with nickel behave 
irregularly in the temperature range 250° tb 400°, owing 
to some change taking place in the metal, but in combina- 
tion with constantan the irregularities are not observable. 
The behavior of various thermocouples is shown graphi- 
G.R.S 


cally. 

Con ewe Ore tion of minerals for 
flotation. W. GrONpDER. Deut. Ing., Beiheft 
Verfahrenstech., 1937, Chem. Abs., 32, 3 (1938).— 
Grinding and classifying with a rake classifier was experi- 
mentally compared with grinding in three stages wherein 
the grist from each stage is passed over a 0.2-mm. sieve 
with the oversize going to the next mill. The latter sys- 
tem is definitely superior in regard to uniformity of grain 
size (avoidance of excessive fines). 

Cu power bills. —. F. Moore. Factory Man- 
agement & Maintenance, 97 [1] 80-82, 102, 104 (1939).— 
Limiting demand, raising the power factor, and preventing 
waste are important, but their effective application re- 
quires a study of the power contract and the character- 
istics of the load. M. explains how this may be done most 
advantageously. Five figures. L.G. 

Dehydration of clays and natural silicates. E. Orosco. 
Rev. Chim. Ind. [Rio de Janeiro], 7, 398-401 (1938); 
Chem. Abs., 33, 1459 (1939).—O. reviews the classification 
systems proposed for silicates from the viewpoint of their 
dehydration. Experiments based on the “‘thermobalance”’ 
(AB — A + B, where B is gaseous at the experimental 
temperature) were carried out on a number of Brazilian 
clays and silicates of known composition. The results 
are shown in graphs. The method yields satisfactory 
results. 

Development of fine crushers. K. Meister. Z. Ver. 
Deut. Ing., Beiheft Folge, 1938, No. 2, pp. 54-59; Chem. 
Abs., 32, 6108 (1938).—M. discusses the factors involved 
in the design of fine crushers of the jaw crusher and rotating 
crusher types. 16 references. 

Effect of over tem ture in the furnace on the dura- 
tion of annealing. O. Junker. Elektrowdrme, 9, 25-26 
(1939).—The rate of heating is determined by the dif- 
ference in furnace temperature and final temperature of 
the material to be heated; its possible effect on the shorten- 
ing of the duration of annealing is explained by the New- 
ton formula for heating. A practical example illustrates 
the application. M.H. 

Electrical conduction in quartz, periclase, and corundum 
at low field strength. E. G. Rocnow. Jour. Applied 
Physics, 9, 664-69 (1938).—A new method for measuring 
the electrical conductivity of single crystals at field 
strengths below 3 v./mm. has been applied for measuring 
the conductivities of quartz, periclase, and corundum over 
a temperature range of 600° to 1400°C in equilibrium with 
air. In all cases the increase of conductivity with tem- 
perature follows a single exponential relation. Quartz 
is a better insulator than periclase below 650°C but a 
poorer insulator at higher temperatures. The conduction 
mechanism is probably electronic, rather than =) in 
nature 

Factors in selection of mechanical draft fans. W. S. 
PATTERSON. Combustion, 10 [2] 21-27 (1938).—P. dis- 
cusses the numerous influences that must be considered 


checking lists for such requirements and reviews charac- 
teristic curves. H.ES. 
Fundamentals of movement of humidity in ma- 


KRISCHER. Ver. Deut. Ing., 82 [13] 33. 3-78 (1938). 


—The movement of humidity in porous material and its 
distribution over the section is theoretically discussed. 
K. derives a coefficient for humidity rene similar 
to that for heat conductivity or diffusion, which becomes 
zero at very low humidities but can become infinite at 
certain places, depending on local capillarities. The 
coefficient is strongly dependent on temperature. See 
“Physical—,”’ this issue. M.H. 
Grease for hot motors. H. A. McConvie. 
Management & Maintenance, 97 [1] 83-84, 100, 
(1939).—Tests that a grease designed for use at tempera- 
tures above 175°F must meet are given in detail. sg 
J.L.G. 
Im machine shows different forms of failure of 
clay in torsion. Ropert P. GRAHAM AND JOHN D. 
Sutirvan. Bull. Amer. Ceram. Soc., 18 [3] 97-100 


(1939). 

Instrument for measuring viscosity, , and hard- 
ness. ANON. Chem. Age |London], 65 (1939).— 
The Plastograph, designed by ae (Duisberg, 
Germany), for determining viscosity, plasticity, or hard- 
ness, according to the arrangement of the components, 
consists of (a) a motor connected by a system of levers 
to an indicator and a graph recorder, () a thermostatically 
controlled closed mixing case with a small paddle, for 
continuous viscosity tests, (c) a similar mixing case with a 
device for adding m quantities of water for meas- 
uring plasticity, and (d) a precrusher and crusher for 
determining hardness, ¢.¢., the torque transmitted to the 
indicator and graph by the resistance of the material to 
grinding. A.BS. 

Kue-Ken balanced crusher. J. R. KuENEMAN. Min- 
ing Jour. [Phoenix], 22 [14] 38 (1938).—K. describes a 
new crusher composed of two pendulum-like jaws swing- 
ing freely on a pivot shaft located near their upper ends. 
The machine crushes 90-Ib. chunks of quartz to '/,-in. 
size at a rate of 13 tons/hr. without appreciable vibra- 
tion. P.G.H. 

Lithium fluoride-quartz achromatic lenses. DoNnavp C. 
STOCKBARGER AND C. Hawiey CARTWRIGHT. Jour. 

Optical Soc. Amer., 29, 29-31 (1939).—The optical con- 
stants of artificially grown lithium fluoride crystals com- 
bine favorably with those of crystal quartz to form achro- 
matic lenses covering a broad spectral range from 2000 


to 14,000 A. AP. 
Lubrication of power-plant auxiliaries. A. F. Brewer. 
Combustion, 10 [4] 29-31 (1938).—B. stresses the import- 
ance of proper lubrication of auxiliaries as insurance 
against outage, excessive maintenance, and undue power 
consumption and suggests lubricants best suited for the 
component parts of pumps, stokers, pulverizers, fans, 
motors, etc., and their drives. Because of variations in 
the types and designs of auxiliaries, general, rather than 
specific, recommendations are made. H.E.S. 
Measurement of activation and decay of luminescent 
zinc silicate. N.C. Brrse. Jour. Optical Soc. Amer., 29, 
26-28 (1939).—B. describes a transmission phosphoroscope 
that gives information on the activation and decay rates 
of luminescent powders and indicates the relative amounts 
of fluorescent and phosphorescent light. A.P. 
Metall of power ts. A. E. White. Combus- 
tion, 9 [12] 33-36 (1938).—W. discusses metals used for 
boilers, boiler tubes, stoker tuyéres, soot blowers, econo- 
mizer tubes, superheaters, valves, and fittings. New 
types are needed to meet the demand for materials that 
will withstand increased pressures and temperatures and 
resist caustic embrittlement and corrosion. H.E.S. 
Motor trouble. Lroner A. Hunt. Factory Manage- 
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ment & Maintenance, 97 [1] 72-73, 106-107 (1939).— 
Motor trouble may be caused by improperly aligned coup- 
lings, a belt which is too loose or too tight, worn gearing, 
or other defects in mechanical power drives. H. explains 
how to avoid troubles causing breakdowns which are 
unjustly blamed on the motor. Three photographs. a 
- exposure meter. J. L. Mr- 
CHAELSON. Rev., 42 92-93 (1939). —An 
a.-c. operated exposure meter takes into account intensity 
fluctuations and proportions the time of exposure in 
accordance with these variations, thus eliminating the 
trial and error method and giving the operator an accurate 
measure of exposure. L.E.T. 
Physical problems in drying solid porous materials in 
agents. O. Kriscner. Chem. App., 26 
fo} 17-23; [3] “$538 (1939).—When drying solid ma- 
terials in Be drying agents, vapor diffusion and capil- 
lary water motion act together. K. discusses the relative 
importance of each of these processes, as dependent on the 
type of material, grain size, humidity, porosity, and 
thickness of the material to be dried, and derives formulas 
for the determination of drying time and the degree of 
dryness. Drying curves are given for materials such as 
brick, glass beads, sea sand, gypsum, and concrete. 27 
references. See ‘“‘Fundamentals—,”’ this issue. M.H. 
wear and tear of chain drives and toothed 
gearing. Epwarp IncuHam. Brit. Clayworker, 47 [562] 
333-35 (1938).—To reduce the wear and tear of chain 
gearing, I. gives the following rules: (1) keep the shafts 
perfectly parallel to each other and the sprocket wheels in 
true alignment; (2) prevent end play of both the driving 
and the driven shafts; (3) keep the chain at the right 
tension, neither too tight nor too slack; (4) avoid over- 
loading and shocks; and (5) keep the chain and wheels 
well lubricated. To reduce wear and tear of toothed 
gearing, the wheels must be rigidly and accurately 
mounted, and the shaft centers must be maintained the 
correct distance apart. Overloading and shocks must be 
avoided, and efficient lubrication of the teeth is essential. 
Periodic inspection for cracks is recommended. 
_RA.H. 


Rock-cutting machine for specimens for 
microscopic examination P. AND V. 
Bosazza. Jour. Chem. “vet. " Mining Soc. S. Africa, 38 
(12] 570-73; 39 [3] 66-68 (1938).—Thin sections are 
usually cut by a rotating disk with loose abrasive powder. 
A new machine consists of a disk with diamond powder 
firmly imbedded in a metallic matrix to a depth of 3/; in. 
radially. The machine, built at the Minerals Research 
Laboratory, University of Witwatersrand, uses a 3'/;-hp. 
motor. Thin sections have been cut from many natural 
minerals and from silicon carbide, high-speed steel, and 
various kinds of brick. E.H.McC. 

Six checks on V-belt drives. R. T. Karn. Factory 
Management & Maintenance, 97 [1] 75-76, 104-106 (1939). 
—Rules for checking V-belt drives are as follows: (1) 
choose a belt for the actual load conditions; (2) use short 
center distances; (3) use sufficiently large sheaves; (4) 
design drives for standard stock sheaves and belts; (5) 
provide ample take-up and slack-off; and (6) consider 
matched sets. One photograph. J.L.G. 

mt and opaque screens for the near infrared. 
A. H. Prunp. Jour. Optical Soc. Amer., 29, 56-59 (1939). 
—P. recommends aqueous ferrous ammonium sulfate 
solution for absorbing infrared heat rays and vanadyl 
sulfate, (VO)(SO,), solution for high transmission in the 
l-u region. Corning bulb green glass absorbs completely 
ae 0.5 to 1.24 and becomes increasingly transparent to 
2.7 uw. A.P. 
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Vibrating and conve FRANCIS JURASCHEK. 
Iron Age, 142 [24] 37-41 (1938).—J. describes instances in 
which vibration, produced either mechanically or ele=tri- 
cally, is used for separating or cleaning bulk materials, 
for feeding material to equipment, or for moving hot, 
corrosive, or readily clogging materials at a controlled 
uniform speed E.H.McC. 

Working rules for pulverization in physics and in indus- 
try. Apotr SmexaL. Z. Ver. Deut. Ing., Beiheft Ver- 
fahrenstech., 1937, 159-61; Chem. Abs., 32, 2 (1938).—S 
attempts to show that energy required for industrial 
pulverization is greater than that required by the applica- 
tion of the physics of surface energy. 


SEPARATE PUBLICATIONS 


Electric furnaces with carbon resistors. V.A. LEBEDEV. 
Ukrain. Nauch.-Issledovatel. Inst. Ogneuporov & Kislo- 
touporov, No. 38, 49 pp. (1936).—Details of an electric 
furnace with carbon resistors for laboratories in the re- 
fractory industry are given. See “Small—,’’ Ceram. 
Abs., 17 [1] 31 (1938). M.V.C. 

Summary of field tests. Mark 

SHeprparp. U. S. Bur. Mines Repts. Investigations, No. 
3432,41 pp. Free. See Ceram. Abs.,17 
R.A.H. 


PATENTS 


furnace and heating means therefor. E. L. 
WIEGAND AND O. R. Orson. U. S. 2,150,532, March 14, 
1939 (June 11, 1937; renewed Jan. 16, 1939).—A calcin- 
ing furnace comprises a combustion chamber, a refractory 
retort disposed within the combustion chamber and heated 
therefrom but being out of communication therewith, 
means for maintaining the temperature within the retort 
in excess of 2000°F, means for rotating the retort, means 
for delivering material through the retort at a predeter- 
mined rate to regulate the temperature of the material 
being discharged from the retort, and means for with- 
drawing products of combustion from the combustion 
chamber to regulate pressure conditions therein. 

Extraction of dust and fines from materials. T. G. 
NYBORG AND MINING ENGINEERING Co., Ltp. Brit. 
500,870, March 1, 1939 (July 16, 1937). 

Heat-treating flowable material. E. L. WimGANp AND 
O. R. Orson. U. S. 2,150,534, March 14, 1939 (June 11, 
1937; April 22, 1938).—A method of heat-treating mobile 
material consists in agitating the material while passing 
it through a highly heated and confined atmosphere sur- 
rounded by, but out of communication with, a combustion 
chamber of relatively small capacity, projecting into the 
combustion chamber and burning therein a large volume 
of a gaseous fuel mixture delivered under high pressure in 
such a manner as to heat the atmosphere to a temperature 
in excess of 1800°F, controlling the pressure within the 
combustion chamber by varying the rate of withdrawal 
therefrom of the products of combustion, and controlling 
the temperature of the material being discharged from the 
atmosphere by varying the relationship between the rate 
of consumption of the fuel mixture, the pressure within the 
combustion chamber, and the rate of delivery of material 
from the atmosphere. 

Pneumatic separator. F.C. Menx. U. S. 2,147,911, 
Feb. 21, 1939 (Sept. 24, 1934). 

Process and installation for making pottery. W. J. 
Miter. U. S. 2,148,871, Feb. 28, 1939 (Nov. 4, 1931; 


July 5, 1935). 
Produci combustion. E. L. WIgGAND AND O. R. 
Otson. U. S. 2,150,533, March 14, 1939 (June 11, 1937). 


Kilns, Furnaces, Fuels, and Combustion 


Combination oil and pulverized-coal burning. K. L. 
MARTIN. Combustion, 10 [3] 26-29 (1938).—M. discusses 
the adaptability of pulverized coal furnaces to oil burning 
and the proper type of air register to prevent the high- 


velocity air from depositing slugs of unvaporized oil on 
the furnace walls. He stresses the desirability of com- 
bination firing to take advantage of current fuel prices 
and of oil as a supplementary fuel for light-load periods, 


1939 


starting up, and insurance of ignition with interruption of 
coal feed. The adaptability and limitations of mechanical 
and steam atomization are di , and information is 
given on the proper pressures and temperatures to be 
employed. H.E.S. 
Design and firing of kilns: Modern practice. 
Anon. Brit. Clayworker, 47 [562] 328-31 (1939).— 
Diagrams of kiln settings which represent German practice 
are given and discussed. The standard Zig-Zag kiln used 
widely in Europe is described. For Part XII see Ceram. 


Abs., 18 [4] 108 (1939). R.A.H. 
Gasification of briquetted lignite. V.CHarrin. Jour 
Usines Gaz, 62 [17] 434-36 (1938). R.W.D. 
type continuous electric kiln for and glost 
of hard porcelain. E. E. Meucue. ektrotech. Z., 


59 [49] 1317-21 (1938).—The principles of the electric 
firing of porcelain and experiences with large type electric 
tunnel kilns are discussed. MM. describes a double-type 
kiln 330 ft. long for firing soft porcelain at 1300°C maxi- 
mum temperature. A double-chamber kiln 400 ft. long 
has been in operation at Langenthal (Switzerland) since 
1937. The firing cycle is between 54 and 56 hr. (for 
heavier wall pieces 60 hr.). One side of the kiln serves for 
bisque firing at 900°C, and the other side for glost firing 
at 1450°C maximum temperature. The heating ele- 
ments for temperatures up to 1200°C consist of metal-alloy 
resistors; at higher temperatures ceramic resistors are 
used. Owing to the European practice of firing partly 
under reducing atmosphere to obtain a bluish-white color, 
a series of ducts is provided along the high heat zone, 
through which carbon products (wood-shaving tar, etc.) 
are introduced. A day’s production of 3500 kg. of ware 
requires a power consumption of 3.6 kw.-hr./kg. porcelain. 
The daily power consumption for firing the kiln. including 
moving machinery and transformer losses, is 12,600 kw.- 
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of the product. Five illustrations, 1 diagram, and heating 
curves. See “Electric furnace—,’’ and ‘‘Firing—,’’ Ceram. 
Abs., 18 [1] 31 (1938). L.E.T. 
Purchase of coal from consumer’s vie t A. W. 
THorsoN. Combustion, 10 [5] 33-34 (1938).—T. deals 
with the consumers’ problem in regard to reliability of 
supply and value of the coal and discusses ash-softening 
temperature, sulfur, size, weathering and caking proper- 
ties, grindability, and rate of burning. H.E.S. 
Relation of characteristics of bituminous coals to their 
use in pulverized firing. E.R. Karser. Combustion, 10 
[5] 41-45 (1938).—Data were obtained on the effect of 
coal size and moisture on the storage, handling, pulveriz- 
ing, and combustion of bituminous coal; ash-softening 
temperature and oil treatment are discussed. The pref- 
erences of users for the various sizes of coal are classified. 
H.E.S. 
Selection of pulverizers. S.H. Rem. Combustion, 10 
[4] 26-28 (1938).—R. discusses the effect of coal charac- 
teristics and required fineness on mill capacity as well as 
drying and tempering in the mill. The recommended 
fineness for high- and low-volatile coals is given, and the 
influence of operating conditions on the number of mills 
selected is considered. H.ES. 
Stability of colloidal fuels. C.H.S.Turnotme. Com- 
bustion, 10 [1] 25-26 (1938).—Results obtained from 
experiments on the suspension of pulverized coal in oil are 
given. H.E:S. 


BOOK 

Standards on Coal and Coke (1938). American 
Society FoR TESTING MATERIALS, Philadelphia, Pa. 
150 pp. Price $1.25. All of the A.S.T.M. standards on 
coal and coke are brought together in convenient form. 
Specifications, definitions of terms, and 28 test methods are 


hr. Electric firing has certain advantages, such as auto- _inciuded. R.A. HEINDL 
matic control, cleanness of ware, and greater uniformity 
Geology 


Action of carbon dioxide on soils. Amar N. PuRI AND 
H.L.Uppar. Soil Sci., 46 467-71 (1938).—The action 
of CO; on soils was studied by following the changes in 
the pq values. The importance of CO, in the reclamation 
of alkali soils is shown by the observation that CO, in- 
duces changes that are the reverse of alkalization. 


G.R.S. 

Base exchange in soils: I, Critical examination of me- 
thods of finding the base-exchange capacity of soils. 
Amar N. Purr ANDH.L. Uppar. Soil Sct., 47 [3] 245-53 
(1939).—Methods of finding the base-exchange capacity 
of soils are critically reviewed. Different methods refer 
to different points on the titration curves of soils and are 
arbitrary and empirical. The base-exchange properties 
of soils can be defined satisfactorily only through their 
titration curves, the determination of which is as easy as 
the finding of base-exchange capacity by any of the well- 
known methods. G.R.S. 

Bentonite. V. CHarrin. Argile, No. 190, pp. 1-5 
(1939).—The following analysis of Italian bentonite was 
obtained from five samples from five different levels 
(from the surface to 160 m. deep) of the deposit: loss on 
calcination, 10.83%; silica 67.42, alumina 15.83, iron 
oxide 0.88, lime 2.64, magnesia 1.09, sulfuric acid 0.01, 
and alkali in potash 1.09%; softening point, Seger cone 
17 (1480°); porosity (calcined to 900°) in volume, 35.60%; 
water of impregnation in volume, 21.30%; weight, volume, 
or apparent density, 1.684; linear contraction, at 120° 
15.8 and at 1000° 12.0; ‘surface contraction, at 120° 
29.0 and at 1000° 37.0; ‘cubic contraction, at 120° 41.0 
and at 1000° 51.0; water of plasticity, 82.57% (the 
average for water of plasticity for kaolins is 43.50%); 
agglutination with chamotte, 10 bentonite and 90 cha- 
motte as compared with 60 clay and 40 chamotte; colora- 
tion on firing, at 105° white, at 500° almost gray, at 900° 
white, and at 1060° chamois; loss of water after calcining 
at 1400°, 15.16% (after exposure to air for 12 hr., 14.70% 


water is regained). Bentonite is thought to contain 20 
to 40 times more colloidal argillaceous matter than other 
clays; this is the principle reason its use in small amounts 
always improves the properties of ceramic products, such 
as plasticity, resistance, porosity (lowered), homogeneity, 
and fusing point (lowered). In metallurgy, bentonite is 
used in synthetic sands for molds. M.V.C. 
Berezov deposits of refractory clays. R. Ya. Popmsxil 
AND V. N. ABRAMOVA. Ogneupory, 6 [1] 968-76 (1938).— 
The characteristics of refractory clays from the Berezov 
deposits and of brick manufactured from them are dealt 
with. M.V.C. 
Common rock- minerals. D. G. RUNNER. 
Roads & Streets, 81 [11] 38-42 (1938).—R. describes the 
varieties of quartz, mica, feldspar, iron minerals, etc., 
which go to make rock material found in road construction. 
This article will comprise a chapter in a book entitled 
“Highway Engineering Geology.” P.G.H. 
Comparative study of the colloids of a Cecil and a Sus- 
quehanna soil profile. W. P. A. O. Wooprorp, 
W. H. Dore, anp S. M. Brown. Soil Sci., 47 [3] 175-93 
(1939).—The colloid material of the Cecil profile has 
essentially the same composition throughout the profile 
and consists primarily of halloysite or kaolinite. Even 
the only slightly altered granite-gneiss found at a depth 
of 24 ft. shows the presence of kaolinitic clay, indicating 
that, under the climatic conditions of Alabama, a kaolini- 
tic type of clay is formed at a comparatively early stage 
in the weathering of granite-gneiss. The colloid of the 
Susquehanna profile is predominantly kaolinitic in the A 
and B horizons and beidellitic or montmorillonitic in the 
deeper horizons. The almost white layer found about 
11 ft. deep is primarily montmorillonite. These conclu- 
sions are based on chemical composition, -dehydration 
investigations, optical properties, and X-ray analysis. 
All the methods of study gave consistent results. 
G.R.S. 
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Correlation by means of bentonites. C. V. Dorre 
Jour. Sed. Petrology, 8 (3) 100-104 (1938).—Mechanical 
analyses of Cretaceous bentonites of eastern Colorado indi- 
cate that, over considerable areas, individual seams may be 
— by characteristic percentages of silt, Pes ay and 

M.H 


“Defiocculating agents used in the particle-size deter- 
mination of soils. Epwarp E. Baver. Proc. Amer. Soc. 
Testing Materials, 38 (Part II], 575-86 (1938).—Sodium 
silicate is not the best deflocculating agent in the case of 
many soils, as has been reported previously. The proper 
amount of deflocculating agent varies with different soils. 
Certain soils contain a mineral or minerals that form a gel, 
and when this gel is formed the sedimentation method of 
determining particle sizes is invalid. For some soils the 
removal of the natural moisture content makes defloccula- 
tion of the soil more difficult. The use of several de- 
flocculating agents in one suspension appears to be unwise. 

R.A.H. 

Fixation of the silicic radicals onto soil clay. J. CLar- 
ENS AND J. Lacrorx. Bull. Soc. Chim., Mem., (5) 4 [11] 
1916-20 (1937).—Silicic radicals, which are not removed 
by the action of acid solutions, can be fixed onto soil clays 
by the action of a silicate. These acid radicals can be 
evaluated by the supplementary amount of base which 
they fix on the earth being studied. D.A.B. 

Grading-density relations of granular materials. Don- 
ALD M. Burmister. Proc. Amer. Soc. Testing Materials, 
38 [Part II], 587-601 (1938).—The distribution of particle 
sizes and particle shape have a very important influence on 
the density of materials; special consideration, therefore, 
is given to the grading of soils in order to bring certain 
physical factors into a more unified and consistent pattern. 
Density is influenced not only by the degree of fineness 
of a material and the range of particle size but by the 
distribution of particle sizes, expressed in type-grading 
curves. These factors, together with the effect of particle 
shape, are expressed quantitatively in terms of grading- 
density relations which provide a means of estimating the 
influence of grading on density. These relations are 
important because density is an important factor in the 
supporting capacity of the natural soil and in the stability 
R.A.H. 

Magnesite in Yugoslavia. Mate Mining 
Jour. |London], 102 [5384] 989-90 (1938).—The quality 
and quantity of amorphous magnesite deposits in Yugo- 
slavia appear to place it among the leading magnesite 
countries. Deposits are situated (1) in Bosnia around 
Mazgliaj, (2) in Serbia around Uzice, (3) further along the 
Kosovo field, and (4) along the Vardar River on the Yugo- 
slav frontier toward Salonica. The average rail haul to 
water is 200 to 500 miles. Typical analyses from the 
four deposits are as follows: H,O (0.51, 0.26, 0.14, 0.12; 
CO, 50.55, 51.39, 49.68, 50.70; SiO, 0.19, 0.46, 2.11, 0.28; 
Fe,0; + Al,O; 1.31, 0.47, 0.79, 0.76; CaO 1.54, 0.71, 1.06, 
1.45; MgO 45.90, 46.71, 45.77, 46.84. The total MgCO, 
contents are 96.07, 97.70, 95.65, and 98%. A.GS. 

Mechanism of cation exchange in the montmorillonite- 
beidellite-nontronite of clay minerals. J. E. Grese- 
KING. Soil Sci., 47 [1] 1-14 (1939).—Minerals of the 
montmorillonite-beidellite-nontronite type adsorb large 
substituted ammonium ions, giving rise to (001) spacings 
greater than those of the same minerals saturated with 
smaller cations such as those of calcium or hydrogen. The 
diffracted radiation from the (001) planes of these minerals 
treated with the complex cations was much more intense 
than the same diffraction from the calcium and hydrogen 
systems. The gradual increase in the amount of complex 
cation added to the montmorillonite system results in 
increases in (001) spacings and intensity of diffraction 
from these planes until a maximum is reached. These 
results were interpreted as showing that a portion of the 
complex cations were adsorbed within the variable (001) 
spacings of the minerals. The large complex cations used 
in this investigation were strongly adsorbed by mont- 
morillonite. They were exchanged by other cations of 
approximately the same size, but they were not exchanged 
by hydrogen, which is very effective in replacing small 
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cations. The substituted ammonium cations were effec- 
tive in flocculating the dispersed clays. Montmorillonite 
saturated with the large substituted ammonium ions did 
not show the water adsorption, swelling, and dispersion 
characteristics of Ca, Na, and H montmorillonite. The 
(001) spacings of the complex ammonium systems did not 
vary with the water content of the system. -R.S. 
Occurrence of bauxite in Czechoslovakia. A. OrLov. 
Rospravy II #. Csl. Akademie, 47, 1-22 (1937); Chem. 
Obzor, 13, 131A; Chem. Abs., 33, 946 (1939).—Bauxite at 
Mojtin (Slovakia) occurs in nests and in irregular lodes 
in Triassic limestones and dolomites resting upon Eocenic 
deposits. Bauxite is represented by a variety of com- 
pounds which vary in color and composition; fine-grained 
pisolitic samples are rare. The microscope shows a large 
variety of basic substances and reveals tourmaline and 
kaolinite, traces of zircon, and gibbsite. The content of 
Al,O; varies (42.9, 69.2, and 73.4%) with various deposits; 
similar variations in composition occur with Fe:O;, SiQe, 
and TiO,; water analyses indicate a preponderance of the 
monohydrate, probably boehmite. The deposits were 
formed through aqueous sedimentations or through an 
erosion of folds of sediments brought about by physical 
forces. See ““Bauxite—,’’ Ceram. Abs., 18 [2] 58 (1939). 
Petrology of the Pennsylvanian underclays of Illinois. 
E. Grim Victor E. Bull. Geol. Soc. 
Amer., 49 [10] 1485-1514 (1938).—-Various types of under- 
clays beneath Illinois coals were studied by sedimentation, 
centrifuge separation, optical, and X-ray methods. 
Chemical criteria were also used in determining the minera- 
logical composition of the clay fractions. The underclays 
beneath No. 2 and older coals, around the margins of the 
Pennsylvanian outcrop area, are noncalcareous and con- 
sist chiefly of kaolinite with some illite and quartz. A 
distinctive member of the illite clay mineral group com- 
poses almost all of certain beds in these underclays 
These clays are uniform in vertical section. Illite is the 
essential clay-mineral constituent of the partly calcareous 
underclays beneath the younger coals. The mineral 
components and the chemical composition of these under- 
clays seem to be uniform, except for variations in calcite 
and quartz with a slight concentration of limonite for 
several inches below the coal. The underclays apparently 
are not genetically related to modern soils. They appear 
to be an aqueous deposit, but whether marine or non- 
marine is uncertain, though the latter environment is 
favored. The kaolinitic underclays may have been de- 
posited in brackish waters, and possibly the illitic under- 
clays are marine. These tentative conclusions are based 
on the concept that the underclay accumulated with its 
present clay-mineral composition. Tabular summaries 
of base exchange capacity values, mineral analyses, 
chemical analyses, and lithologic characteristics ¥ the 
A.C.B. 


underclays are given. 

Ph of soils: II, Expressing — 
chanical analysis and state of aggregation of soils i 
values. N. Purr AND B.R. Puri. Soil Sci., 
77-81 (1939).—Single-value constants that can ~ de- 
rived from the mechanical analysis summation curves of 
soils can be used for the textural classification of soils. 
These values should replace the descriptive terminology 
generally used for characterizing soil texture. The state 
of aggregation can be satisfactorily expressed by the 
ratio of these single values before and after — of 
the soil. G.R 

Plasticity. R.F. Hanstocx. Chem. & Ind., 57 t53) 
1214-22 (1938).—In the description of plasticity, simpli- 
city has to be abandoned. H. traced the nature of the 
deviations in the mechanical behavior of ordinary mate- 
rials from that of ideal solids and liquids, indicating by 
means of diagrams the stress-strain characteristics of 
bodies described as hard, brittle, weak, etc., the nature of 
plastic flow and thixotropy, and the influence of time and 
temperature factors on these properties. Requirements 
are given for instrumental measurement (with particular 
reference to the examination of the fluid) and mechanical 
characteristics of liquid paints and paint films. G.R.S. 

Quartzites of the Prechistov deposits. V.A. Bron AnD 
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E. V. MALEVANSKIT. Ogneupory, 6 [1] 961-68 (1938).— 
These deposits are composed of hard quartzites with a 
slow rate of transformation. M.V.C. 
Rapid method of mechanical anal of sands. K. O. 
Emery. Jour. Sed. Petrology, 8 |3| 105-11 (1938).— 
Settling velocities through a long column of water are 


employed. G.M.H. 
Relationship between fx value, lime requirement, and 
loss on on in soils. J. FEATHERSTONE. Jour. Soc. 
Chem. Ind, |London], 57 [12] 462-63 (1938).-The pu 
value alone may be no guide for the amount of lime that 
should be applied to satisfy the absorption capacity of a 
soil. F. attempts to link up pg and lime requirement with 
a simple determination of soil colloid content, viz., loss on 
ignition. G.RS. 
Rod-shaped clay particles. G. WNa- 
ture, 142 [3585] 114 (1938).—N. states that the normally 
platy crystals of the layer-lattice minerals found in clays 
can, under special conditions of growth, be developed as 
rods. Crystals of pyrophyllite from Tres Cerritos took 
the form of such rods. Rod or needle-shaped minerals 
may exist with a structure based on e or double 
chains of silicon-oxygen tetrahedra similar to pyroxenes 
and amphiboles; as an example N. cites the series of clay 
minerals known as palygorskites. This series includes 
the minerals sepiolite and attapulgite. J.L.G. 
ov chromite deposits. Ya. I. Do.irsKaya. 
Ogneupory, 5 [12] 874-84 (1937).—The Saranov chromite 
deposit in the Urals is considered to be one of the largest in 
the world. The average content of chromium oxide 
present in these chromites is about 37%. The Br 
are described. M.V.C. 
Sorting action of frost upon clay suspensions. Jos 
Rugss. Bodenkunde & Pflanzenerndhr., 8, 152-82 (1938). 
—Any practical farmer knows the improved soil structure 
that frost can bring about in heavy soils. Many at- 
tempts have been made to follow up the action of the frost 
experimentally. R. reviews briefly the studies of this 
character made between 1897 and 1931, as a preliminary 
to his own researches which were undertaken in simply 
constructed soil structures without organic admixtures. 
He selected the Hessian clays, already studied by Gorka 
and for which Kuron had made surface estimates (Ceram. 
Abs., 14 [6] 150 (1935)). Of the two kinds selected, clay 
1 had a larger SiO, content, was a less plastic clay, and 
was grayish white in color. Clay 2 was a fat plastic 
richly colloidal clay, whose viscosity was 2.20 times that 
of clay 1. In 1919, Bleininger ascertained that the higher 
the viscosity of the clay suspension, the more plastic is 
the clay. Since viscosity is a complex manifestation, 
particle count as well as estimates of turbidity and conduc- 
tivity was investigated. R.’s lure is minutely re- 
corded in mathematical formulas, graphs, 17 tables, and 
comparisons with the procedure employed by others. 
Since the viscosity estimates were verified and the re- 
search conditions were the same, the different behavior of 
the clays can be accounted for only by their differences of 
structure. Results are sum as follows: (1) 
clay suspensions in relation to viscosity behave like elec- 
trolyte solutions; (2) viscosity values for clay 1 and 
clay 2, untreated, confirm the surface values obtained by 
Kuron; (3) the sorting action of frost is not an immediate 
manifestation but rather an aggregate effect, more or 
less removable during a 3-hr. agitation; (4) until the 
aggregate effect is eliminated in all suspensions and cooling- 
down processes, the sorting action of the frost can not be 
observed; (5) the grade of sorting is dependent on the 
number of freezings; clay 1 showed its greatest sorting at 
—18° and clay 2 at — 190°; (6) the influence of hydration 
on_the sorting action is slight. Viscosities satisfied with 
different cations in unfrozen suspensions differ according 
to the grade of hydration. The stronger the hydration of 
absorbed cations, the greater is the viscosity. K.R. 
Viscosity of clay suspensions. G. BROUGHTON AND R. 
S. Hann. Nature, 142 [3588] 255 (1938).—Viscosity 
measurements were made on seven samples of kaolinite of 
varying particle size obtained from the fractionation of 
Kentucky ball clay and Georgia kaolin. A capillary 
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viscosimeter was used. Deviation from normal behavior, 
as shown by yield value and relative viscosity at infinite 
shear, increases with decreasing particle size and parallels 
plasticity. Rise in temperature caused an increase of 
yield value for aqueous suspensions. Alcoholic disper- 
sions showed a decrease in yield value with increase in 
temperature. Glass spheres suspended in an organic 
liquid behaved in a manner similar to that of the clay- 
alcohol ion. When varying amounts of caustic 
soda and barium hydroxide were added to electrodialyzed 
kaolin and bentonite su , the suspensions con- 
taining caustic soda showed little or no thixotropy, while 
the barium hydroxide-bentonite suspensions from pg 4 
upward showed it in marked degree. Results indicate the 
importance of the nature of metallic ions associated with 


a clay. One table of diameters and mobility and yield 
values and 4 curves of yield value against pg. J.L.G. 
SEPARATE PUBLICATIONS 
Division, fiscal year 1938. 


Annual report of the —— 
CHARLES F. JACKSON. Bur. Mines Information 


Circ., No. 7055, 23 pp. Free. J. presents a review of the 
work done during the past year by the metal-mining 
methods, mineral industries, nonmetal mining, electrical- 
mechanical, coal mining, metal-mining research, and mine 
ventilation sections of the Mining Division. R.A.H. 
Lithium. Frank L.Hess. U.S. Bur. Mines Informa- 
tion Circ., No. 7054, 14 pp. Free. H. describes lithium 
and gives information on its history, discovery, distribution 
in nature, and uses, together with a list of lithium minerals. 
See Ceram. Abs., 17 [10] 339 (1938). R.A.H. 
Ore- studies, 1937-1938. Metallurgical Divi- 
sion Report No. 27. R.S. Dean,erar. U.S. 
Bur. Mines Re $37 ations, No. 3425, 116 pp. Free. 
See Ceram. Abs., 17 315 R.A.HEINDL 
Pe ~t4 the eastern interior and 
Appalachian coal fields. Harotp R. WAN Ess. Geol. 
Soc. Amer. Special Papers, No. 17, 130 pp. (1939).—W. 
discusses the methods and difficulties of correlation in this 
vast area of repeated cyclic sequences of beds which appear 
only in discontinuous outcrops. The types of key beds 
used in both basins include marine horizons, chert horizons, 
coals, sandstones, black shales, red shales, partings in 
coals, refractory clays, iron ores, and quartz pebble zones. 
Not all of these criteria are applicable to either basin alone. 
A valuable summary discussion of stratigraphic units, 
e.g., Cheltenham clay, in each basin is included. A 
useful feature to users of the extensive literature is the 
glossary in which each named bed is briefly described as 
to source of name, location of type outcrop, approximate 
horizon of bed, and correlation with other beds. 
A.C.B. 
Structural behavior of igneous rocks. Ropert BALK. 
Geol. Soc. Amer. Mem., No. 5, 177 pp. (1937).—This 
monographic treatment of the primary structures and 
structure patterns in igneous rocks pertains to solidified 
masses of previously molten materials, but the discussion 
of primary flow structures, linear and platy, should be of 
interest to ceramists. B. concludes that these structures 
were formed before consolidation of the rocks. an 
A.C.B. 
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Acid treatment of clay. L. R. CamBron anp W. C. 
Tucker, Jr. U. S. 2,147,783, Feb. 21, 1939 (May 13, 
1936).—A method of activating clay consists in forming a 
fluent slurry of clay and water, conducting the slurry to a 
container sufficiently elevated to permit subsequent wash- 
ing treatment of the clay by gravity flow, adding acid to 
the slurry, agitating and heating the acid-clay mixture, 
and then washing the clay in steps by permitting the clay 
to —_ drawing off supernatant water, again forming a 
slurry by adding water to the settled clay, and repeating 
the washing steps until the clay is substantially free of 


Bi minerals. A. H. Bump (Monsanto Chemical 
Co.). . 2,149,506, March 7, 1939 (July 6, 1936).—A 
method of bleaching minerals of the clay type comprises 
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deflocculating a mineral in an aqueous medium, effecting 
a preliminary reduction thereof by means of sulfur dioxide, 
subsequently admixing pulverulent zinc with the aqueous 
mineral suspension containing sulfur dioxide, and effecting 
bleaching. 
Refining clay. S.C. Lyons (Bird Machine Co.). U.S. 
2,147,774, Feb. 21, 1939 (July 14, 1936). —A process of 
ing clay containing coloring impurities, including 
Pee syed oxide, to produce a clay product particularly adapted 
for use in high grade body-filled and surface-coated papers 
comprises mixing the clay with water to form an aqueous 
clay suspension of about 20 to 35% solids content, treat- 
ing the resulting suspension with a reducing agent capable 
of transforming the ferric oxide and other coloring im- 
purities into substantially colorless water-soluble com- 
pounds, washing the clay suspension with water to carry 
away therefrom the decolorized and dissolved impurities, 
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Absorbent for carbon dioxide. R.B. Evans anp D. W. 
Parker. Jour. Soc. Chem. Ind. [London], 57 [9] 302-306 
(1938).—The mixture of dipiperidyls obtained by the 
reduction of technically pure piperidine is an efficient 
absorbent of CO,. An aqueous solution can be used re- 
peatedly by saturating and distilling to 140°, at which 
temperature the whole of the CO, is evolved. The ab- 
sorbent yields 1 Ib. of CO,/gal. It will completely strip a 
gas and works economically with low concentrations of CO, 
and at temperatures up to 80°. The speed of absorption 
is exceptionally high, being comparable with that of 
caustic soda solution. HS and SO, are also absorbed. 
Substantial economies in the production of CO, are possible 
with this absorbent. G.R.S. 

Active oxides: No. 108, Rate of decomposition of alumi- 
num oxide in different solvents. G. F. Htrric anp E. R. 
Korscuner. Kolloid-Z., 81 [1] 40-45 (1937); abstracted 
in Referat. Silikatliteratur, 5 [3] 5020 (1938).—The cata- 
lytic effect of active oxides depends on the kind of prepara- 
tion, especially the atmosphere used. To study the effect 
of atmosphere on the rate of decomposition, basic alumi- 
num acetate was heated for 2 hr. in a revolving tube 
furnace at a constant temperature of 600° in the presence 
of nitrogen, air, sulfur dioxide, decomposition products of 
nitric anhydrite and ammonia, ammonia, steam, and acetic 
anhydride. Steam and acetic anhydride with air were 
used for cooling. In the experiment with acetic anhydride 
the separation of carbon occurred. In nitrogen and NH; 
the coloration was brownish; otherwise it was white. In 
no case was there complete ‘decomposition. The loss on 
firing was lowest with nitrogen (2.33), SO, (5.43), and 
sor -CO),0 (24.4). The speed of decomposition differs 
for the different agents. Inactive nitrogen had little effect 
on the formation of oxide, but with the other agents there 
appeared either (1) lengthened dissolving action or (2) 
a stabilizing action. M.V.C 

Automatic estimation of sulfur dioxide in industrial 

W. Francis, M. C. Morey, anp E. W. F. 

ILLHAM. Jour. Soc. Chem. Ind. [London], 57 [12] 419-24 
(1938).—An instrument capable of measuring and record- 
ing extremely low concentrations of SO, in flue gases, of 
the order of 0.002 to 0.02 grains of sulfur/cu. ft. at n.t.p., 
was devised. The underlying principle is the change 
in electrical conductivity of a solution of neutral H,O, 
used as a scrubbing medium. Influences capable of 
affecting results were studied. Graphs and charts show 
the rate of absorption of SO, and the mean concentration 
over 24 hr.; from the inflections of the curves, instan- 
taneous values can be deduced. The instrument was 
modified by arranging for a continuous ‘flow of H,0, 
through the absorption and conductivity cells to record 
instantaneous values for concentrations. G.R.S. 

compound of 8-hydroxyquinoline. Tay- 
LoR-AusTIN. Analyst, 63, 710-12 (1938).—Chromium 
yields precipitates under all the conditions for precipitat- 
ing aluminum with 8-hydroxyquinoline whether present 
as chromic salt or chromate. Precipitation of Al occurs 
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adding to the washed suspension a dispersing agent for the 
clay, continuously centrifuging the resulting decolorized 
and dispersed clay suspension at a solids content of about 
20 to 35% and under substantially constant solids-de- 
positing condition, including substantially constant effec- 
tive centrifuging force, to remove a substantial coarse- 
solids fraction therefrom, including the coarse clay parti- 
cles, thereby leaving therein throughout the centrifuging 
operation substantially only comparatively fine and col- 
loidal clay particles below a predetermined particle size, 
and recovering from the resulting suspension the compara- 
tively fine and colloidal clay particles. 

Treatment ofclays. ENG.iisH CLays, LOVERING, PocHIN 
& Co., Ltp., AND R. J. Davies. Brit. 500,453, Feb. 22, 
1939 (Nov. 29, 1937); addition to Brit. 471,554, Sept. 22, 
1937. 
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most completely in NaOH and ammonium acetate solu- 
tion. In acetic acid and acetate or HCl and NH,Cl 
solution, the amount precipitated depends upon the ratio 
of Cr:Al, precipitation being most complete for 1:1 
ratios. Chromium was found to form the compound 
(CsHsON;)Cr containing 10.74% Cr. B.C.R. 
Comparison of the specific surfaces of finely divided sol- 
ids. R. J. Askey AND C. G. P. Feacnem. Jour. Soc. 
Chem. Ind. [London], 57 [8] 272-76 (1938).—The adsorp- 
tion of argon at the temperature of liquid air was used to 
make comparisons of the areas of different samples of the 
same material. The method is reasonably cheap and 
does no permanent damage to the specimen. The method 
of comparison is described in detail. G.R.S. 
Conductometric titration of nickel. J. H. Bourap. 
Jour. Soc. Chem. Ind. |London], 57 [9] 323-26 (1938).— 
B. describes a volumetric method for the determination ‘of 
Ni, using electrical conductance as indicator. Nickel, 
preferably in neutral solution (0.003 to 0.015 N), is pre- 
cipitated with an alcoholic solution of dimethylglyoxime 
(about 0.1 N) in the presence of calcium acetate as buffer 
and flocculant. Titration is carried out either by adding 
the precipitant by successive measured amounts or by 
adding an excess of dimethylglyoxime which is then ti- 
trated back with a nickel acetate or a nickel nitrate (0.1 to 
0.3 N). Zinc and manganese do not interfere, ‘but in the 
presence of cobalt, iron, and copper, slight modifications 
in the procedure were found necessary and are described. 
The method is accurate to within about + 1% of the nickel 
present. G.R:.S. 
Crystallization processes of fused basalts with chromite 
additions. L. A. RorinyANz AND M. G. MANVELYAN. 
Mineral. Syr’e, 13 [1] 20-33 (1938); abstracted in Referat. 
Silikatliteratur, § [4] 5175 (1938).—The effect of chromite 
additions (with 40% Cr2O;) on the devitrification phenom- 
ena of fused basalt was studied by the isotherm method. 
Between 750° and 1050°C only fine and coarse crystalline 
modifications were observed in basalt alone or with 1 to 
2% chromite addition. When cooling (annealing) be- 
tween 725° and 950°, fine crystalline modifications with the 
structure of Réaumur porcelain are formed with chromite 
additions. Chromite additions greatly increase the 
devitrification of fused basalt and reduce the temperature 
of the beginning of devitrification (formation of the first 
crystals) about 50°. The transition from fine crystalline 
to coarse crystalline modifications occurs at 850° for ba- 
salt alone and at 950° for basalt with chromite additions. 
The rate of devitrification of fused basalt is greater than 
the rate of transition of the fine crystalline modification 
to the coarse crystalline modification. Chromite addi- 
tions reduce the devitrification of the coarse crystalline 
modification. The spherulite of Réaumur porcelain ob- 
tained by fusing basalt with chromite additions is 10 to 
20 times smaller than that obtained with hardened fine 
crystalline basalt without additions. The addition of 
chromite raises the temperature of the beginning of soften- 
ing from 750° for basalt alone to 950°. The devitrifica- 
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tion temperature of basalt with chromite addition lies 
below the softening temperature; by cooling within 725° 
to 900°, a complete transition in the (heat stable) structure 
of Réaumur porcelain is obtained without deformation. 
Chromite addition increases acid stability of materials. 
A chromite addition of more than 3% is er ‘a 
Determination of aluminum in cast iron. E. Tay.or- 
Austin. Analyst, 63, 566 (1938).—Methods of determin- 
ing aluminum are reviewed in detail. Investigations of 
these methods indicate that precipitation by 8-hydroxy- 
quinoline is best for determining the amount of aluminum 
that may be found in cast iron. Methods applicable in 
the absence or presence of chromium are described. 
B.C.R. 
Determination of free and saline ammonia using a semi- 
ee ae method. Ernest B. Liste. Jour. Soc. 
Chem. Ind. [London], 57 [12] 464 (1938).—By an_adapta- 
tion of Feigl’s micromethod for the determination of 
ammonia ( Mikrochemie, 13, 129-35 (1933)), it is possible 
to determine free, saline, and organic ammonia in water 
rapidly and with relatively small amounts of sample. 
As little as 0.00025 mg. of NH; can be determined in 15 
min. for each test. The results compare favorably with 
larger scale distillation methods. G.R.S. 
Determination of manganese in iron alloys, ores, and 
slags. Review of methods with bibliography. F. W. 
Scotr. Chemist-Analyst, 27, 28-33, 52-57 (1938).— 
Selection of the method depends on the amount of manga- 
nese and the possible effects of other elements. Details 
are given for the application of eight methods under vary- 
ing conditions. 26 references. A.P. 
Direct-view particle counter and ble ultramicro- 
scope. S.C. Briacxrin. Jour. Soc. Chem. Ind. [London], 
57 [10] 361-63 (1938).—Numerous natural and other 
systems of fine particles in gases, both colloidal and non- 
colloidal, can not be studied or measured by the usual 
rigid laboratory-type ultramicroscope, which is generally 
completely dependent on ponderable un acces- 
sories. Moreover, all portable instruments for particle 
determination first remove the particles from the gaseous 
medium in which they should be studied, thus affecting 
both the particles and the conditions before study. A 
portable ultramicroscope and direct-view particle counter 
which also counts liquid particles is described. G.R.S. 
Electrolysis of fused alkali silicates and alkali-earth 
silicates. M.Doprero. Bull. Soc. Chim., Mem., [5] 6 [1] 
208-18 (1939).—The electrolysis of the systems SiO,- 
Na,O and SiO,-K,O permits the formation of silicon at 
the cathode. This silicon, which arises from the action 
of the alkali metal (liberated by a primary reaction) on the 
bath, forms on the iron cathode as a silicide and may collect 
in the amorphous state if the bath is acidic. The electroly- 
sis of the system SiO,—Li,O leads to the formation of some 
Si-Li alloys and the compound Si,Lis; that of the systems 
Si0,-CaO, SiO.-BaO, and SiO,-SrO leads to the formation 
of alloys of Si and Ca, Si and Ba, and Si and Sr, whose 
constituents are silicon and the silicide, MSix, saturated 
with silicon. It is possible to vary the silicon content of 
these alloys, especially of the alloy of Si and Ca; thus the 
electrolytic preparation of the disilicide, CaSin, can be 
brought about successfully. D.A.B. 
Inorganic and spot analysis. F.Frict. Chem. 
& Ind., 57 [50] 1161-65 (1938).—F. discusses methods of 
detection of manganese, phosphoric acid, reducing sub- 
stances, hydrogen peroxide, reducing sugars, palladium, 
silver, ammonia, sulfides and other sulfur compounds, 
bismuth, and acetates. G.R.S. 
Inorganic quantitative microanalysis. JaNeT Mart- 
THEWS. Chem. & Ind., 57 [48] 1123-24 (1938).—The 
simplicity of inorganic micromethods is emphasized. 
Rapid methods for the quantitative analysis of complex 
minerals such as beryllium silicate have been worked out. 
Micromethods in the process of solution are also used in 
direct analysis in connection with work on silicosis. 
Quantitative determinations on about 50 mg. of material 
include SiQ., Fe, Al,O;, Ca, Mg, Na, and K and the loss 
on ignition. G.R.S. 
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Method for estimating chromium in chromite. W. F 
Ponp. Chemist-Analyst, 27, 59 (1938).—Chromite ore is 
fluxed with Na,O, an after separation, is ears | by 
titration with sodium ‘thiosulfate. 

Plasticity. Paut S. Rotter. Chem. Industries, ry (4) 
398 (1938).—R. discusses a new approach to the behavior of 
dispersions which are treated as solids instead of liquids. 
Under a compressive force dispersions undergo a per- 
manent deformation which does not commence until a 
certain stress, the yield value, has been exceeded. This 
behavior is characteristic of the solid state of matter. 

P.G.H. 


BOOK AND SEPARATE PUBLICATION 
Industrial Chemistry. Emm RaymMonp Riece.. Rein- 
hold Publishing Corp., New York, 1937. 851 pp. Price 
$5.75. This book contains three chapters on ceramics, 
viz., Portland cement, lime, and gypsum plaster; clayware, 
refractories, and enamels; and optical, bottle, and special 


glasses. L.E.THigess 
Thermochemistry of the silicate. H. Troirzscu. 
Thesis, Tech. Hochschule Braunschweig, 1936, 46 pp.; 


abstracted in Referat. Silikatliteratur, 5 [3) 5056 (1938).— 
A new calorimetric method for determining the heat of 
solution of silicates is described. The solvent was a mix- 
ture of HCl and hydrofluoric acids, and the principal 
difficulty was the construction of a suitable calorimeter. 
To dissolve the difficultly soluble silicate quickly, a tem- 
perature of 77°C was chosen. The liquid for the bath for 
keeping the temperature at 77°C was carbon tetrachloride 
with a naphthalene addition to raise the boiling point. 
The calorimeter was part amber and part rubber with small 
parts of gold. T. gives detailed data on testing the specific 
heat of the solvent, measurements, and the heat of solu- 
tion and heat transformation of the different modifica- 
tions of silicic acid. The heats of solution of the silicate- 
forming metal oxides and salts are given in a table. From 
the heat of solution, the heats of formation (given in a 
table) of the types of water glass (made from soda and 
quartz sand) were determined. The heats of solution, 
formation, and setting time and the specific heat of Port- 
land cements with some gypsum addition were determined. 
M.V.C. 
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Making beryllium oxide. R. E. Wrvpecxer. U. S. 
2,148,520, Feb. 28, 1939 (May 12, 1937).—A process of 
recovering beryllium from an acid solution containing a 
mixture of the sulfates of beryllium and one or more of the 
other metals, including aluminum occurring in the mineral 
beryl, includes removing a major portion but not all of the 
aluminum by treating the solution with ammonium sulfate 
in quantity to crystallize as alum a major portion of but 
not all of the aluminum, raising the value of me solu- 
tion to but not substantially beyond the range of 5.5 to 
5.7 by diffuse addition of an alkali capable of removing 
the sulfate ions from the other metals and forming insoluble 
compounds thereof, heating, and removing the precipitate 
thus formed from the reaction mixture. 

Making titanium pigments. R. M. McKinney (E. I. 
du Pont de Nemours & Co.). U.S. 2,150,236, March 14, 
1939 (Nov. 2, 1937).—A process for the production of 
improved titanium pigments comprises wet-grinding 
calcined titanium pigments in the presence of a small 
amount of an alkali aluminate. 

Preparation of white titanium dioxide ents. W. F. 
WasuHBuRN (National Lead Co.). U. 2,148,283, Feb. 
21, 1939 (May 11, 1936).—In the manufacture of a white 
titanium dioxide pigment by means of a process which 
includes subjecting a titanium-pigment pulp containing 
adsorbed or combined mineral acid as well as oxidizable 
metallic impurities to a washing and filtration treatment 
consisting of a plurality of filtration, repulping, and re- 
filtering operations, the step consists in bringing the 
titanium-pigment pulp in contact with a water-insoluble 
reducing agent during the first repulping operation in an 
amount sufficient to maintain, by reaction with the acid 
contained in the pigment pulp, reducing conditions 
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throughout the regular washing Rost filtration treatment 


Treatment of titanium pigments. R. M. McKInNey 
(E. I. du Pont de Nemours & Co.). U. S. 2,150,235, 
March 14, 1939 (June 5, 1937).—In a process for producing 
an improved pigment from a phosphoric acid containing 
hydrolytically precipitated titanium pigment composition, 
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the steps comprise increasing the phosphate content by the 
addition of a member selected from the class consisting of 
alkali-metal phosphates and phosphorous acids, adding a 
sufficient amount of a water soluble inorganic alkali metal 
salt to give an alkali metal to phosphorus “molar ratio” 
in the mixture within the range of about 1:1 to about 
1.6:1, and subsequently calcining the mixture. 


General 


industries in Czechoslovakia. A. 
Glass Record, 21 [1] 9 (1939).—The 
transfer of the Sudetenland in Bohemia, with certain other 
lands, to Germany in September, 1938, has deprived 
Czechoslovakia ot 80% of lignite and 60% of black coal 
and makes Czechoslovakia largely dependent on neighbors 
pan pened Poland) for fuel. China clay for the porcelain 

and earthenware industry has also been lost. The porce- 
lain industry, largely concentrated in Bohemia, has been 
entirely lost. The few remaining firms may supply local 
needs but there will be no export of porcelain from Czecho- 
slovakia in the future. Many of the earthenware factories 
remain in Czechoslovakia, and this industry may be de- 
veloped by a loan from the British Parliament. Two- 
thirds of the glass industry is in areas transferred to 
Germany, but most of the hollow glass and bead works re- 

Chromates for corrosion prevention in standby boilers. 
R. C. ULMER AND J. M. Decker. Combustion, 10 [3] 31- 
33 (1938).—Procedures at different plants for the preven- 
tion of corrosion in standby boilers are discussed. The 
use of chromates is given in detail. H.E.S. 

Creative deve ent vision in ceramic industries. 
ull, Amer. Ceram. Soc., 18 [3] 111-12 


J. Van Brunt. 
10 —34 (1938).—Typical units are 
shown and the performances of several are included. 

H.ES. 

Development of sandblasting and silicosis. K.Leprrz. 
Giesserei, 26 [2] 27-38 (1939).—An exhaustive survey is 
made of the various ways of making better progress in dust 
prevention in and around sandblasting apparatus. Pro- 
tective helmets and dust-collecting arrangements are 
described. As no very satisfactory protection has been 
developed, silicosis has become a serious menace. K. 
gives statistics on the disease, origin, and clinical aspects. 
Intense research in this field of industrial health protec- 
tion is advocated. M.H. 

Dust in air removed by electrical precipitation. ANoN. 
Can. Machinery, 50 [2] 32 (1939).—A strong electrical field 
charges the dust particles negatively, and these particles 
are attracted by a positively charged electrode and col- 
lected on the surface. They drop by gravity into hoppers 
or are dislodged by interrupting the current and re aes 
the plate periodically. 

fractory industries. R. MAasEN AND H. E. BOrrTner. 
Arch. Gewerbepath. & Gewerbehyg., 9 [2] 179-97 (1938).— 
Literature on research in the dust hazards of the fire-clay 
and the silica refractory industries is scarce and involves 
only about 200 persons. The authors’ study in 1937 in- 
cludes 508 workmen employed in these industries in the 
largest east-German district. The chemical composition 
of materials (both raw and refined) used in the plants is 
given, and the processes and the dust hazard at significant 
moments are explained. The SiO; content in the average 
fire-clay material is 54%, and in the higher grades of clay 
it is 64%. Of the 508 workers, 380 had a distinct dust 

hazard; 88 workers were in varying stages of silicosis. 
Fire-clay workers in the milling processes were subjected 
to the highest hazard operating in the shortest time. The 
silica-refractory mixers endured twice the silicosis risk 
of the fire-clay mixers. The problems presented were 
difficult to solve for the industries taken separately, since 
the same workers had worked in both plants which stand 


side-by-side. The 88 cases of pure silicosis represented 
16.32% of the 508 men. Both plants, however, have 
been modernised i in their dust-removal equipment, neces- 
sitating considerable remodeling of the plant buildi 
eliminated 

Dust investigations in the ceramic ind 
W. A. Bioor, K. L. DALL, AND 
H. W. Wess rans. Brit. Ceram. Soc., 38 [1] 1-25 
(1939).—The work of these investigators has been directed 
toward the examination of dust clouds arising in pottery 
processes from three aspects: (1) their concentration, 
4.e., number of the particles in unit volume of air, (2) 
the size distribution of the particles constituting them, and 
(3) the chemical and mineralogical nature of the dust and 
the possible variation of composition with particle size. 
The following conclusions were reached: (1) In a newly 
built shop, one of the best known in the district in respect 
to ventilation, lay-out, cleanliness, exhaust arrangements, 
etc., the general level of dustiness at breathing level 
prevailing in the shop atmosphere, away from the im- 
mediate vicinity of the workers, did not exceed 70 par- 
ticles/cc. at any time during the working day. Before 
work started for the day the dust concentration was only 
11 particles/cc. (2) In a much older shop in which there 
was ample working space, a high standard of general 
cleanliness, good exhaust draft, and natural ventilation 
arrangements and which would be considered above the 
average of its type, general atmosphere dust concentra- 
tions were not in excess of 90 particles/cc. during the work- 
ing day. The shop atmosphere before work commenced 
contained 23 particles/cc. (3) In a potters’ shop well 
below the average in respect to general cleanliness and 
natural ventilation, the corresponding counts during the 
working day rose to 200 particles/cc, (4) Breaks in the 
working spell for meals, etc., allow a natural cleaning 
action to take place in the working atmosphere. (5) 
Night sweeping of the floors of potters’ shops temporarily 
increases the shop atmosphere dust concentration. A 
rest period of about 9 hr. following such sweeping, in the 
case of the shops examined, permits a considerable fall in 
the dust concentration before work begins next morning, 
but the effectiveness of this cleaning is not the same for all 
the shops. (6) The dust in the shops under test had 
median sizes up to 1.64 and down to 0.34. During the 
intervals when no work is going on, the median size tends 
to lessen, as the larger particles settle more rapidly. The 
dust concentrations also fall during these periods. The 
better working conditions and ventilation in shops A and 
B are responsible for the relatively low dust concentrations, 
while the median size particle does not seem to be in- 
fluenced much by these improved conditions. This 
means that if 5yu is accepted as the critical size below which 
dust particles are dangerous, the value of ventilation lies 
in reducing the concentration of the particles and not in 
any improvement involving the production of a less 
dangerous size range of particle. Il, Earthenware white 
tile making shops and dust preparation. K. L. GoopaLi 
AND W. A. Bioor. Jbid., pp. 26-65.—The press shop in 
the first plant studied was poor in respect to general dust- 
control arrangements. The conclusions drawn from counts 
at this plant were as follows: (1) The tile pressers and 
fettlers are exposed to heavy dust concentrations ranging 
up to 650 particles/cc. of low median sizes around luz. 
(2) The counts obtained suggest that the efficiency of the 
exhaust system at the presses has an important influence 
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on dust concentrations. (3) The atmospheric counts in 
the general shop were relatively high compared with 
those in the earthenware potters’ shops. (4) The hooding 
over and exhausting of pan-grinding machines and the 
putting of the dust delivery from the pans under exhaust 
effect a marked reduction in local dust concentration near 
the pans. (5) Dust carriers are exposed to very heavy 
concentrations of dust in the course of their work. In the 
second plant the press shop was rated high in respect to 
general cleanliness, layout, and ventilation. The con- 
clusions from dust counts in this case were as follows: 
(1) Dust counts as low as 63, 77, and 51 particles/cc. for 
a presser, fettler, and general atmosphere, respectively, 
were obtained. (2) The nearer the press workers are to 
the dust ark work going on at one end of the press shop, the 
more dust they breathe. (3) The effect of good exhaust 
at the presses in removing the finer dust particles is shown. 
(4) Dusty floors, dust trucking to the presses, and dust 
pan filling processes at the dust arks pollute the press 
shop atmosphere considerably. (5) The need for fettlers 
to work into the exhaust hoods is emphasized. (6) The 
work of dust pan filling at the dust arks is extremely 
dusty. (7) The dust created by various processes in the 
tile dust pan-grinding room can cause high dust concentra- 
tions. In the third plant studied the press shop was 
moderate in respect to general cleanliness, layout, and 
ventilation. From the counts taken in the third plant the 
conclusions were as follows: (1) In general the dust 
counts are intermediate between those obtained in the best 
and in the poorest ventilated shop. (2) The type of tile 
press with high starting handle control used in this plant 
is an additional source of dust. (3) Fettlers are shown to 
breathe more dust than pressers. (4) The work of dust 
pan filling at the dust arks is again shown to be the most 
dusty operation. (5) The dust concentration in the dis- 
integrator mill is relatively high. It is considered that 
the three plants give a good cross-sectional survey of the 
white tile industry. III, Chemical and physical proper- 
ties of certain ceramic dusts. W. A. BLoor anp H. W. 
Wess. Ibid., pp. 66-74—A filter bed of finely crystal- 
lized salicylic acid was used in a collector of dust from the 
atmosphere in a white tile manufacturing plant. Four 
filters were set up, and the dust collected was analyzed. 
The most striking result obtained was the increase in 
solubility through calcination of flint or quartz as exem- 
plified by the data obtained for calcined and overcalcined 
flint and for ground silica brick. Im each case the de- 
velopment of cristobalite may be responsible for the in- 
creased solubility. The effect of feldspar on the solubility 
of quartz and calcined flint is apparently inhibiting. 
Calcium sulfate (as obtained from plaster molds) also has 
a slight inhibiting effect on the solubility. R.A.H. 
High-pressure steam generators. H. KREISINGER. 
Combustion, 10 [2] 33-40 (1938).—K. analyzes the gains 
possible by adopting high steam pressures and tempera- 
tures. H.E.S. 
Historical sketch of Armour Institute of Technology. 
Anon. Bull. Amer. Ceram. Soc., 18 [3] 109-10 (1939). 
Industrial hygiene. J. J. BLroomrietp. Amer. Jour. 
Pub. Health, 28 [12] 1388 (1938).—Studies made by the 
U. S. Public Health Service show high rates of illness 
among industrial workers, pneumonia mortality being 
particularly excessive among workers exposed to extremes 
in temperature, inclement weather, toxic gases, and dusts. 
Health supervision of the worker and his environment is 
effective in reducing illness and death due to this cause. 
The cost of such health service is generally larger for 
smaller companies; those employing more than 1000 
persons had a per capita cost for medical and compensa- 
tion purposes of $8.42 compared with $13.52 for companies 
employing less than 500 workers. To improve the health 
of the workers, emphasis must be placed not only on 
control of unhealthful working conditions but also on a 
consideration of proper living conditions, nutrition, and 
communicable diseases. B.C.R. 
Ink for marking porcelain vessels. A. G. THOMAS. 
Chemist- Analyst, 27, 68 (1938).—Directions are as follows: 
add 2 cc. of sodium silicate (N brand) to 10 cc. of water, 
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stir, make just acid with 1:1 HNO, and add 15 cc. of 
saturated potassium dichromate solution; write with a 
clean steel pen point and then ignite for 5 to 10 min. 


A.P. 
Legal relationship of and eh 
PaRKER. Combustion, 10 39-40 (1 


).—By citing 
court decisions, P. distinguishes between the liability of 
employer and employee as to contracts or other dealings 
when the latter is a general representative or an agent 
having limited authority. Liability for damages as 
between a plant owner and a contractor is also discussed. 


H.E.S. 
Method for de reactions and stresses in ex- 
bends. 


pipe F. Perrer M. J. Fisn. Com- 
tion, 10 (5) 26-31 (1938). 
Microchemical 


H.E.S. 
tions on siliceous dusts. 
Janet W. Matruews. Analyst, 63 [748] 467-78 (1938).— 
M. describes two types of dust collectors suitable for ob- 
taining samples for chemical and petrographic tests. In 
one type the dust is collected on salicylic acid which has 
been screened through 40-mesh and packed in a specially 
built holder. Due to a tendency of the dust to clog the 
filter, this apparatus is only suitable for collecting small 
samples of several grams. The salicylic acid is ultimately 
removed by solution in absolute alcohol. In the second 
type of collector, by which samples of 1 to 400 g. may be 
collected over a period of 1 to 8 weeks, the dust is removed 
from the air by impingement. A detailed sketch of the ap- 
paratus is shown. The methods used for microchemical 
tests are outlined. See “Sampling—,’"’ Ceram. Abs., 17 

[2] 89 (1938); “Character—,” sbid., [7] 265. B.C.R. 
Mineral which can uce silicosis. H. 
Upturt anp J. H. Hettmers. Arbeitsschuts, 1937, No. 9, 
pp. 214-19; Chimie & Industrie, 39 [5] 887 (1938); Chem. 
Abs., 32, 7601 (1938).—Of the various particles which 
have been detected in the lungs, mention should be made 
of CaCO, quartz, rutile, sillimanite, kaolin, feldspar, seri- 
cite, asbestos, cryolite, fluorspar, and apatite, to which 
may be added particles of oxides, silicates, and phosphates. 
All operations in the course of which these minerals are 
diffused as dusts cause silicosis. In y special at- 
tention should be given to quartz, agate, siliceous chalks, 
granite, ceramic clay, cryolite, asbestos, and apatite. 
Research Assn. Laboratories. ANON. Pottery 
& Glass d, 21 [1] 31 (1939).—The new well-equipped 
laboratories of the British Pottery Research Assn. were 
opened at Stoke-on-Trent Feb. 1, 1939. They cost 
£10,000 and were financed jointly by the Association and 

the Government. A.B.S. 
by the hate ion “Prepare tion of hydroxyapatite, 
y te : 4, Pre on y' patite, 
(OH), L.M. AND W. F. Gerrarp. 
Jour. Soc. Chem. Ind. [London], 57 [9] 295-97 (1938).— 
A number of methods of preparing hydroxyapatite were 
investigated, and the most successful one is described 
II, Solubility of hydroxyapatite in the presence of calcium 
sulfate in the range 150° to 300°: effect of sodium sulfate 
and sodium h de thereon. L. M. CLARK AND E. 
Hunter. Ibid., pp. 298-301.—The solubility of hydroxy- 
apatite is small, decreasing from 0.19 part of PO,/10* at 
150° to 0.06 part in solution at 300°. Calcium phosphate 
has a retrograde solubility-temperature curve. Sodium 
sulfate solution increases the phosphate solubility slightly. 
When anhydrite solid phase is present, no change in phos- 
phate solubility is noticed. Sodium sulfate solutions 
dissolve the same amount of phosphate from the apatite- 
anhydrite mixture as when no anhydrite is present. 
Sodium hydroxide increases the solubility of hydroxy- 
apatite, but when a mixture of the solid phases, hydroxy- 
apatite and anhydrite, is present, reaction occurs between 
sodium hydroxide and anhydrite which causes precipita- 
tion of Ca(OH): and the passage of Na,SO, into solution. 
The phosphate solubility is reduced to a negligibly small 
amount, This appears to be due to the formation of a 
calcium phosphate phase more basic than hydroxyapatite, 
as the solubility of such a substance is found to be con- 
siderably less than that of hydroxyapatite itself. III, 
Calcium hydroxide as a constituent of boiler scale. L. 
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M. CLarRK AND-W. F. Gerrarp. I[bid., pp. 301-302.— 
Data show that in the temperature range 150° to 300° 
reaction occurs between a solution of NaOH and anhydrite 
whereby Ca(OH), is precipitated and Na,SO, passes into 
solution. An increase in initial concentration of NaOH 
results in an increased Na;SQ, concentration and increased 
precipitation of Ca(OH):. Similar effects are brought 
about by increasing the temperature. IV, Reactions in 
lime-soda-sodium aluminate reaction vessels: study of 
calcium aluminate hydrates. C. W. BuNN AND L. M. 
Crark. Ibid., |i1] 399-405.—When sodium aluminate is 
added to the concentrated mixture of sodium carbonate, 
lime, and water, much of the alumina may be thrown out 
of solution, either as hydrated calcium aluminate of 
variable composition or as the well-defined cubic com- 
pound 3CaO-Al,0;-6H:0. The proportion of alumina 
remaining in solution decreases with increasing sodium 
hydroxide content of the reaction mixture and with increas- 
ing excess of lime over sodium carbonate. With a suffi- 
ciently great excess of lime it is possible to precipitate 
practically the whole of the alumina. It is believed that 
during the action of NaOH and Na,CO; on calcium and 
magnesium salts the calcium aluminate formed in the reac- 
tion vessel is being reconverted into sodium aluminate. 
An X-ray study of the hydrate of calcium aluminate has 
been made. Over a range of composition from 4CaQ-- 
Al,O; to CaO-Al,O, there is a striking similarity in lattice 
pattern, suggesting that the structure is zeolitic in char- 
acter. It is believed that the structure of the hydrated 
calcium aluminate is an open framework composed of Al, 
O, and some of the Ca atoms and H,O molecules, into the 
holes of which extra Ca and O atoms and H;,O molecules 
may fit. The structure of the known chloroaluminate 
3CaO-Al,O;-CaCl,-10H:O closely resembles that of the 
hydrated calcium aluminates. Lattice spacings are given 
for 4CaO-Al,O;-xH,O, 3CaO-Al,O;-xH,O, and 3CaO-- 
Al,O;-CaCl,- 10H;0. G.R.S. 
Selection of economizers and air preheaters. J. H. 
SENGSTAKEN. Combustion, 10 [1] 22-24 (1938). 
H.E.S. 
-bottom furnaces. W.E.CaLpwELL. Combustion, 
10 [1] 18-21 (1938).—The merits of the continuous slag- 
bottom furnace are reviewed. Typical views of such a 
furnace under load are included. H.E.S. 
Smoke and fly ash from spreader stokers. J. F. 
BarRKLEy. Combustion, 9 [12] 37-38 (1938).—The condi- 
tions under which the emission of excessive smoke and fly 
ash is likely to occur with the spreader stoker are discussed 
with suggested means of controlling them. H.E.S. 
Stone dusting in coal mines. ANON. Times Trade & 
Eng., 44 [899] 12 (1939).—The regulations relating to the 
application of stone dust in coal mines in Great Britain 
are undergoing revision. A.BS. 
Synthetic industrial silicate for softening water for 
domestic and industrial use. V. CHARRIN. Céram., 
Verrerie, Email., 6 [11] 333-34 (1938).—Zeolites are 
formed of sodium and aluminous hydrosilicates which can 
be considered hydrated feldspars which possess the prop- 
erty of “‘fixing”’ the calcium of a solution diluted with a lime 
salt and simultaneously liberating sodium. The calcium 
bicarbonate of the water changes to sodium bicarbonate 
and the calcium sulfate to sodium sulfate. This reaction is 
instantaneous and complete when cold, and the hardness of 
the water becomes zero. This reaction (exchange of 
bases) is reversible, and zeolite can therefore be regenerated 
by a concentrated sea-salt solution and serve indefinitely. 
Synthetic zeolites, which are superior to natural zeolites, 
are formed by mixing solutions of aluminate of soda and 
silicate of soda to mineral salts in conditions of temperature 
and concentration kept secret by manufacturers. Soften- 
ing water by permutation with zeolites is almost automatic 
and adaptable to all degrees of impurity; it also minimizes 
cost. See “Softening—,’’ Ceram. Abs., 17 [8] 289 (1938). 
M.V.C 


Testing boiler waters for embrittlement. F.G. Srraus 
AND T. A. BRapBuRY. Combustion, 10 [2] 29-32 (1938).— 
A new method of testing is described. H.E.S. 

Utilizing waste fuel at Antioch Power Co. C. M. 
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GaRLAND. Combustion, 9 [11] 22-25 (1938).—This 10,000- 
kw. station burns slurry from coal-washing plants on 
traveling grate stokers. This fuel contains a large amount 
of clay, 18 to 24% moisture, and 20 to 30% ash and has a 
heating value of 8000 to 9000 B.t.u./lb.; it ranges in size 
from '/ in. down. Despite this, the boilers have been 
operated up to 300% rating. The water rate approxi- 
mates 23 lb./kw.-hr. sent out, and the evaporation av- 
erages 5.82 Ib./Ib. of fuel. H.E.S. 


BOOKS AND SEPARATE PUBLICATIONS 
Engineering Directory. Published by Engineering, 
London, 1938. 82d ed. 196 pp. Free. Reviewed in 
Jour. Soc. Glass Tech., 22 [92] 292A (1938).—The book in- 
cludes (a) a classified list of products and their supplies, 
(b) lists of telegraphic addresses, codes, and telephone 
numbers, (c) a key to telegraphic addresses, (d) trade names 
of articles, and (e) a glossary of the equivalents in German, 
French, Spanish, and Italian of the headings under which 
articles are classified. G.R.S. 
Index to A.S.T.M. Standards and Tentative Standards. 
AMERICAN SOCIETY FOR TESTING MATERIALS, Philadel- 
phia, Pa., 1939. 140 pp. Free—This index is designed 
primarily to be of service to those interested in ascertaining 
if the A.S.T.M. has issued specifications, methods of 
testing, recommended practices, or definitions on a specific 
subject in the field of engineering materials and the allied 
testing field. The 505 standards and 365 tentative stand- 
ards in effect as of Jan 1, 1939, are indexed under appro- 
priate key words. R.A.HEINDL 
Mine ventilation. D.Harrincron. U.S. Bur. Mines 
Information Circ., No. 7047, 16 pp. Free.—H. describes 
bad and good practice in mine ventilation and gives re- 
cently issued state regulations on gases from blasting 
(one for New York and one for Calif.). See “‘Coal—,” 
Ceram. Abs., 18 {1] 32 (1939). R.A.H. 
of the American Society for Testing Ma- 
terials, 1938: I, Tentative Standards and Committee Re- 
ports. 1760pp. II, Technical Papers. 674pp. Ameri- 
CAN SOCIETY FOR TESTING MATERIALS, Philadelphia, Pa. 
Price to nonmembers $8.00 per part. R.A.HEINDL 
Safe storage, handling, and use of commercial explo- 
sives. D. Harrincron. U.S. Bur. Mines Informaiion 
Circ., No. 7046, 13 pp. Free——H. describes commercial 
explosives and exploding devices and gives information 
and advice on their storage, handling, and use, together 
with statistics on consumption. He includes recommenda- 
tions of a committee of the New York State Department 
of Labor to the Industrial Commissioner relative to con- 
trol of toxic gases after blasting in mines, tunnels, and 
shafts and Order 1745 of the Calif. Industrial Accident 
Commission relative to the use of explosives. 
R.A.H. 


PATENTS 


Ceramic masses. ROSENTHAL-ISOLATOREN G.M.B.H. 
Fr. 826,873, April 12, 1938; Chem. Abs., 32, 8098 (1938).— 
P slag, i.e., furnace slag which is a by-product from the 
manufacture of P and which is composed essentially of 
Ca silicate, is used as an addition (30 to 60%) in the manu- 
facture of very dense ceramic products containing Al or 
Mg silicate. The compositions conform to the formula 
CaO-MgO-2Si0, or CaO- Al,O;-2Si0x. 

Drilling muds. W. V. Viett1 AND A. D. GARRISON 
(Texas Co.). U.S. 2,146,693, Feb. 7, 1939 (Dec. 8, 1936). 
A drilling mud comprises bentonite in substantially un- 
dispersed state and 20% or more by volume of sodium 
silicate in which the molecular ratio of silica to sodium 
oxide is greater than 1. 

Forming vacuum-tight joints. British THOMSON- 
Houston Co., Lrp. Brit. 485,513, June 1, 1938 (March 
19, 1936). 

Mechanically reinforcing articles of porcelain, glass, 
chamotte, clay, etc., by using wire. MrETALLISATOR- 
BETRIEB ROBERT Hoprett. Ger. 665,470, Sept. 8, 1938 
(Feb. 28, 1936); VI/80b. 23.01. The separate layers 
of wire are joined together by a readily fusing metal while 
the article is in the fused state. D.A.B. 
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